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TIISTOTIICAL  SKETCH 


The  lone  period  of  the  development  of  the  culture  concern- 
inp  the  discovery  oT  n  method  for  ntillzine-  fire  up  to  the  in¬ 
vention  of  pun- prnvi^  e  r  tnlr**p  i  n  en  entire  epoch.  Hurine  this 
period  of  time,  hniuHn  society  In  the  majority  of  countries  went 
throush  H  (rrsdwal  process  of  foruintlon  of  n  ptimitive  type  of 
communism  end  servituife,  and  then  entered  into  the  eri‘  of  feudal¬ 
ism.  ’Hiilc  these  sociotios  'vere  develoT^insr  end  then  snbseciuontly 
declining*  men  hefrnn  to  slowly  recocni*e  nature,  sn»l  slowly  tried 
to  utilize  its  resources  for  his  own  interests.  Technoloey  was 
beinr  correspofirli«»£ly  dovwloped  »t  e  slow  |isre»  Thus,  mony  thou¬ 
sands  of  yeers  elwpsod  from  the  discovery  of  the  bow  end  arrow  up 
to  the  time  of  the  Invent  ion  of  cun  powder  and  flroariDS* 

lha  ill e eager V  of  Sailoeter  end  Inyentlon  of  Cunno^dec*  Saltpeter 
was  discovered  hnntlreds  of  years  efo  In  China »  Tlie  Chinaae  were 
the  first  to  discover  the  ca|>ehlllty  of  saltpeter  to  supp<*  ^  <  r-  » 
hustlon,  and  they  used  it  in  incendiary  compositions,  hater  on, 
they  used  saltpeter  in  the  production  of  roeVets  which  served  for 
propellinc  arrows. 

During  the  course  of  many  centuries,  a  crodual  perfectine  of 
saltpeter-containing  compounds  took  place.  Various  components  in 
various  prepertions  were  seleci^d  fv-r  these  <  liapounds,  and  their 
processing  methods  were  Improved.  The  result  of  this  was  the  evolii 
lion  of  a  substance  with  heretofore  unknown  explosive  properties  - 
powder,  which  we  today  call  gun,  or  "black,  powder. 
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The  Chinese  scholar,  Sun-Tei  Mao,  descrihefl  the  composition 
of  eunpowder  and  the  formula  for  its  preparation  in  his  work 
"hantsln"  around  600  A.  I). 

Information  concerning  saltpeter  and  its  use  passed  on  from 
the  Chinese  into  India,  and,  from  there,  to  the  Arabs  and  Greeks. 

The  Emergence  of  VI rearms.  The  appearance  of  gunpowder  was  a  necess 

ury  prerequisite  for  the  beginnings  of  firearms.  On  the  other  hand, 

such  a  possibility  was  prepared  for  through  the  development  of 

catapult  weapons  in  the  pre-firearms  era.  The  hallista  cross-bow 

and  arquebus,  which  wore  created  during  the  development  of  the 

1 

bow  nnd  catapults,  resemble  firearms  to  a  large  extent.  The 
elasticity  of  the  drawn  bow  string  served  as  the  propellent  for 
orrows  (cross-bow  and  arquebus)  and  bullets  (arquebus).  The  crea¬ 
tive  ability  of  more  than  one  generation  was  needed  in  order  to 
substitute  the  work  of  the  drawn  bow-string  by  the  work  of  powder 
gases  nnd,  through  that,  to  create  firearms  which  woiild  he  of  prac¬ 
tical  use. 

Firearms  wore  invented  in  China  in  1132.  The  barrel  was  made 
out  of  a  length  of  bamboo  tube.  The  "Tnkochin”  firearm  was  in¬ 
vented  in  China  in  1259*  Projectiles  could  be  fired  from  this 
weapon.  This  weapon  also  had  a  long  bamboo  barrel.  Gunpowder  was 
already  being  widely  used  in  Chinn  in  military  operations  during 
these  yearr  (Tlllib  and  Xlllth  ccoturios),  whereas  it  began  to  be 
used  in  Europe  only  in  the  XIVth  century.  Firearms  appeared  in 
Europe  during  the  first  half  of  the  fourteenth  century.  In  Mus¬ 
covite  Russia,  gunpowder  end  firearms  appeared  around  1382,  for 
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it  Ip  o  well-known  foci  that  srunpowder  wap  nped  hy  artillery  in 
(lofenpe  of  Mopcow  In  that  year. 

Gun  Powder.  T'rom  the  time  of  the  appearance  of  firearmp  and  approx 
mately  up  to  the  middle,  of  the  nineteenth  century,  i.e.  a  period 
of  almopt  5^0  yearp,  not  even  one  new  explopive  wap  dipcovered, 
hesldep  gunpowder,  which  wap  practical  for  propelling  purpopee, 
Rhell  propollantp  or  hlnpting  purpopcp.  Owing  to  the  rontinoncpp 
and  Ptacnation  of  the  feudaliptic  pyptem,  and  to  the  predominance 
of  the  church  in  spiritual  life,  pcience  and  technolocy  developed 
extremely  plowly.  Only  with  the  origination  and  development  of 
capitallpm  did  the  development  of  natural  pciencep,  includina 
cliemiptry  and  phyeicp,  accelerate.  Thip  created  the  conrlitionp 
for  the  discovery  of  new  explopive  puhptanccp. 

The  works  of  M.  V.  Lomonopov  played  a  very  important  role  in 
the  development  of  gunpowder.  A  rational  proportion  among  the 
componentp  of  thip  powder  wop  eptahllphed  on  the  hapip  of  these 
wo  towards  the  end  of  the  iBth  century.  This  proportion  ip 
still  in  tise  today.  Only  then  was  the  technology  of  gun-nowder 
])rofluction  perfected. 

Methods  of  Igniting  Gunnowder.  Beginning  with  the  first  proto- 
tyT)eF  of  firearms,  and  up  to  the  beginning  of  the  l^th  century, 
i.e.  a  period  of  5^0  years,  gunpowders  were  Ignited  through  a 
'‘l)rimcr".  The  weapon  had  a  vent  which  expanded  outwardp  and  was 
finished  off  with  a  pan  for  the  primer.  In  the  early  days,  the 
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primer  was  ignited  by  pieces  of  smoldering  coal.  Later  on,  this 
was  done  by  means  of  glowing  sticks.  Wicks  were  used  after  this. 
Matchlocks  appeared  In  the  l6th  century.  The  flint  lock  was  the 
most  perfect  of  these.  Peter  the  First  introduced  the  flint  lock 
into  the  ilussian  Army  In  1701,  and  they  were  part  of  the  standnrd 
military  ordnance  for  about  150  years,  until  the  end  of  the  Cri¬ 
mean  War. 

The  first  flint  lock  had  a  number  of  serious  defects.  There¬ 
fore,  attempts  to  find  better  ways  to  ignite  the  powder  charge  in 
a  weapon  were  started  already  at  the  close  of  the  iBtb  century. 

The  possibility  of  solving  this  problem  was  facilitated  by 
the  earlier  development  of  chemistry,  and,  in  particular,  by  the 
discovery  of  Berthollet's  salt.  A  few  years  after  the  discovery 
of  this  salt,  the  Scot,  Forsythe,  proposed  the  use  of  a  chlortite 
mixture,  which  was  easy  to  explode  upon  striking  and  produced  a 
spark  which  was  sufficient  to  Ignite  the  powder.  Pea-sized  balls, 
grains,  and  lozenges,  which  were  later  coated  with  wax,  were  made 
of  such  mixtures.  Those  mixtures  were  called  percussion  compounds. 
A  special  lock  was  Invented,  the  percussion  hammer  of  which  had  a 
striker  pin  which  hit  into  the  flash  pan.  This  flash  pan  held  the 
percussion  lozenge  or  ball. 

In  1815,  the  English  inventor  Igg  proposed  to  press  the  per¬ 
cussion  mixture  into  a  metal  jacket  -  a  cap.  Thus,  the  friction 
primer  came  into  being. 

Tbe  production  of  friction  caps,  with  fulminate  of  mercury  in 
the  percussion  compound,  was  started  in  Pussla  in  1843  at  the 
Okhtensk  powder  works. 


The  Quest  for  a  Powerful  Gnnnowdar.  hurlng  the  second  half  of  the 
iBth  century,  in  connection  with  the  development  of  industrial 
capitalism,  a  need  for  powder,  which  was  more  powerful  than  pun- 
powder,  arose.  This  powder  was  to  bo  used  for  the  mininp  industry 
and  military  piirposcs.  Research  was  initiated  in  order  to  find 
such  a  powder. 

The  first  venture  in  this  field  was  carried  out  by  the  Trench 
chemist,  Berthollet.  lie  proposed  to  prepare  a  powder  consistinp 
of  a  mixture  of  Berthollet* s  salt  (discovered  by  him  in  I786) , 
carbon,  and  sulfur.  After  several  unforeseen  explosions  with  re?- 
siiltinp  serious  loss  of  human  life,  the  experiments  were  discon¬ 
tinued  . 

Berthollet* B  failure  can  be  explained  by  the  fact  that  only 
(die  fundamentals  of  inorpanic  chemistry  were  in  existence  at  that 
time.  These  fundamentals  were  insufficient  for  the  creation  of  a 
new,  powerful  powder  and  for  new  explosives.  The  emergence  of  a 
new  branch  -  orpanlc  chernlfitry  -  was  necessary  to  achieve  this 
purpose.  This  fact  was  borne  out  through  a  further  development  of 
science.  Meanwhile,  organic  chemistry  started  to  be  developed 
only  during  the  last  20  years  of  the  19th  century. 

.T.lifi_P,i.flc.oygry  o.f  yUroco.IIulaaa  .and.,  ..N.i.t,r.o.gIyc.9.rltie,-  two  note¬ 
worthy  discoveries  were  based  on  the  attainments  of  organic  chemis¬ 
try  -  the  discovery  of  nitrocellulose  (Bracoiiuot  IB32)  and  nitro¬ 
glycerine  (Sobrero  1846).  These  two  dlscoverlos  were  the  basis 
for  a  further  development  of  gunpowder  and  high  explosives. 

The  discovery  of  nitrocellulose  subsequently  brought  about  0 
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turning  point  in  the  history  of  gunpowder  -  colloidol  powder  was 
invented.  The  discovery  of  nitroglycerine  led  to  the  discovery 
of  the  phenomenon  of  detonation  end  high  explosives,  which  was 
the  result  of  the  problems  facing  the  rapidly-developing  mining 
Industry  In  the  l?th  century. 

The  rapid  development  of  industry  and  the  huge  puiounts  of 
progress  which  were  attained  in  the  fields  of  physics,  chemistry, 
mathematics  and  mechanics  in  the  l‘'th  century  were  also  nccom- 
paniad  hy  great  progress  In  military  science. 

Rifled  artillery  pieces  were  put  Into  service  practically 
sinnjltaneously  (around  1?^(^0)  in  BiissiB  and  other  Kuropean  conn- 
trios.  This  led  to  a  large  Increase  in  range  and  Improved  ficcu- 
rncy  of  fire  in  comparison  with  the  hitherto-used  smooth-bore 
artillery.  At  the  same  time,  the  urge  for  a  further  iraprovomoiit 
In  tho  halllstlc  qualities  of  artillery  and  small  arms  required 
a  still  faster  solution  to  the  previously  mentioned  problem  - 
the  finding  of  a  powder  which  was  more  powerful  than  the  old, 
block  powder. 

Attempts  to  Use  Nitrocellulose  for  Firing  Rurnoses.  No  in¬ 
terest  was  shown  In  nitrocellulose  for  several  years  after  its 
discovery.  Academician  G.  1.  Gess  and  Colonel  Fadeyev  investi¬ 
gated  the  properties  of  nitrocellulose  during  1^46-1848,  and  they 
showed  that  It  was  several  times  more  powerful  than  black  powder. 

Experiments  were  taking  place  In  various  countries  during 
the  following  years,  which  had  as  their  purpose  a  study  of  the 
possibility  of  using  nitrocellulose  instead  of  black  powder  for 
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flrinp  purponep.  Those  experiments  enrled  In  fnilnro  for  a  lone 
time.  The  chief  difficulty  lay  in  the  fact  that,  in  firing  with 
loose  nitrocellulose,  an  extremely  rapid  and,  through  that,  non- 
uniform  comhustion  of  it  occurred.  The  result  was  the  generation 
of  a  very  high  pressure  which  caused  a  large  shell  dispersion  or 
even  ruptured  the  weapoti. 

The  beginnings  of  the  Jfeed  for  Smokeless  Powder.  Magazine- 
fed  rifles  were  developed  in  various  countries  during  the  1870’s 
iti  order  to  increase  the  rate  of  fire  of  small  arms.  However, 
in  comparison  firing  tests,  the  magazine-fed  rifles,  for  all  in¬ 
tents  and  purposes,  were  not  superior  to  the  single-shot  rifles 
with  respect  to  impact  count.  The  reason  for  this  was  that,  in 
rapid  fire  with  the  magazine-fed  rifles,  the  smoke  did  not  have 
time  to  dissipate  and  the  riflemen  had  difficulty  in  seeing  the 
target.  In  connection  with  this,  the  prohlom  of  finding  a  low- 
smoke  or  smokeless  powder  was  presented  in  all  its  sharpness. 

Invention  of  Smokeless  Powder.  After  prolonged  experiments, 
the  French  chemist.  Visile,  was  the  first  to  obtain  smokeless 
nitrocellulose  powder  in  IBP.4.  His  Invention  consisted  In  the 
gelatinizatlon  of  nitrocellulose  by  treating  it  with  a  hydroxy- 
ether  mixture.  A  fine-grained  powder  was  produced  from  this  mass 
which  was  used  for  rifles  and  as  a  strip- type  powder  for  cannon. 

Owing  to  its  compact  structure,  the  powder  which  was  obtained 
In  this  manner  burns  in  parallel  layers.  This  makes  it  possible 
to  control  the  comhustion  time  of  the  powder  charge  by  means  of 
altering  the  sizes  of  the  powder  elements. 
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In  1888,  A.  Nobel  invented  nitroglycerine  (ballietito)  pow- 
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der.  In  I889,  Noble  and  Abel  invented  in  England  a  nitroglycer¬ 
ine  powder  of  another  type  (cordite). 

The  problem  of  eustalned  fire  with  magazine-fed  rifles  was 
solved  with  the  use  of  smokeless  powder.  It  was  possible  to  re¬ 
duce  the  caliber  of  the  rifle  at  the  same  time  (on  account  of 
making  it  easier  to  clean  the  bore,  which  heretofore  was  made 
difficult  duo  to  the  large  amount  of  foullngs  from  the  black  pow¬ 
der).  The  muzzle  velocity,  range,  and  accuracy  of  fire  were  in¬ 
creased.  The  flatness  of  the  trajectory  and  penetrating  ability 
of  the  bullet  were  also  correspondingly  increased. 

To  the  same  extent,  the  use  of  smokeless  (colloidal)  powders 
marked  a  turning  point  in  artillery  technology,  whore  the  muzzle 
velocity  of  the  shell,  range,  and  accuracy  of  fire  also  increased 
sharply. 

Smokeless  powder  is  also  a  necessary  prerequisite  for  the 
production  of  automatic  weapons,  machine  guns  in  particular. 

The  Role  of  Russian  Scientists  in  the  Develonment  o.f  Powder 
Technology.  The  work  of  Russian  scientists  and  specialists  had 
a  great  Impact  on  the  dovelopnent  of  gunpowder  technology. 

L.  N.  Shishkov  made  an  analysis  of  the  comhustlon  products 
of  black  powders  and  computed  the  combustion  temperature  for  the 
first  time  In  the  1850*8.  N.  P.  Fyedorov  published  a  noteworthy 
study  concerning  the  composition  of  gunpowder  residue  and  pro¬ 
ducts  of  the  decomposition  of  black  powder  under  various  pressures. 
N.  V.  Mayevskly  (I829-I892)  and  A.  V,  &adolin  proposed  a  ballis- 
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tically-puitablo  shape  for  black  powder  grains  in  the  form  of  a 
cubic  prism  with  one  or  seven  channels.  Those  two  shapes  are  once 
again  being  used  in  contemporary  one-  and  seven-channeled  grains 
of  colloidal  powders.  In  the  early  IS^o's,  Professor  of  the 
Artillery  Academy  N.  Fyodorov  and  Instructor  S.  V,  Panpushko, 
in  conjunction  with  two  omployees  of  the  Okhtensk  powder  works» 

A.  V'.  Sukhlnskiy  am!  F.  V.  Kalachyov,  developed  In  a  very  short 
period  of  time  an  industrial  process  for  the  production  of  nitro¬ 
cellulose  powder.  Thsy  produced  two  forms  of  powder  -  lamellar 
for  rifles  and  strip-typo  for  cannon. 

In  1891,  B.  I.  Mendeleyev  developed  a  unique  form  of  nitro¬ 
cellulose  powder  -  pyrocolloidal . 

T),  I.  Mendeleyev  also  proposed  a  method  for  dehydrating  nitro¬ 
cellulose  with  alcohol,  thus  simplifying  the  operation  and  making 
it  safer.  lie  also  proposed  a  method  for  trapping  the  alcohol  and 
other  vapors,  which  work  was  completed  by  V.  N.  Nikol'skly  under 
Mendeleyev's  guidance.  In  18c5»  Nikol'skiy  developed  a  method 
for  the  removal  of  the  residual  solvent  from  the  powder  through 
soaking. 

The  chemical  stability  of  nitrocellulose  powder  was  greatly 
increased  at  the  beginning  of  the  20tb  century  by  introducing 
dipbenylamine  into  the  composition  as  a  stabilizer.  This  was  done 
on  the  basis  of  investigations  which  were  carried  out  by  N.  A. 
frolybitskiy ,  V.  N.  Nikolskiy,  and  others.  The  theory  of  the 
nitrating  mixture,  which  was  developed  by  A.  V.  Sapozhnikov,  and 
the  relationship  which  he  estahllRhed  between  the  nitrating  mix- 


ture  nnd  degree  of  nitration  of  cellulose  are  of  significant  Im¬ 
portance  to  the  nitrocellulose  industry. 

The  achievements  of  the  Russian  scientists  and  specialists 
were  also  made  use  of  in  the  powder-producing  factories  of  other 
nations.  In  partlculatt  the  D,  I.  Mendeleyev  nitrocellulose 
powder  was  accepted  in  industry  of  the  IT.  S.  A. 

The  Discovery  of  High  Kxolosivee.  In  1R54,  the  famous  Russ¬ 
ian  chemist,  Nikolay  Nikolayevich  Zi  nln ,  for  the  first  time  posed 
tho  question  of  using  nitroglycerine  as  an  explosive,  and,  under 
his  direction,  tho  Russian  artillery  officer,  V.  F.  Pyetrushevskly , 
developed  a  method  for  large-scale  production  of  nitroglycerine 
and  a  method  for  its  explosion.  Pyetrushevskly  developed  the  first 
powder-type  dynamite,  called  "magnesia'*. 

For  a  number  of  reasons,  the  artillery  command  refused  to 
utilize  nitroglycerine  for  shell  fillers,  which  caused  the  experi¬ 
ments  to  he  discontinued.  Tliey  were  renewed  at  a  later  time 
through  the  initiative  of  the  military  engineer  0.  B.  (Jern,  who 
was  interested  in  using  nitroglycerine  for  demolition  work. 

Nitroglycerine  was  used  for  the  first  time  by  Pyetrushevskly * s 
collaborators  for  blasting  operations  in  the  gold  fields  of  Kastorn 
Siberia . 

In  IB65,  Captain  Andriyevskiy,  a  collaborator  of  N.  N.  Elnin, 
suggested  a  fulminate  detonator,  the  use  of  which  greatly  increased 
the  shattering  effect  of  explosives  and  led  to  the  discovery  of  tho 
detonation  phenomenon. 

The  introduction  of  nitroglycerine  as  an  explosive,  quickly 
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leaning  to  the  invention  of  the  detonator  and  to  the  discovery  of 
the  detonation  phenomenon,  laid  the  foundation  for  the  rapid  de¬ 
velopment  of  high  explosives.  It  turned  out  that  a  large  number 
of  chemical  compounds  and  their  mixtures,  whose  explosive  proper¬ 
ties  were  not  too  well  known,  could  be  detonated  by  a  detonator. 

The  force  of  the  detonation  la  many  times  more  powerful  than  the 
detonation  force  of  black  powder.  Such  compounds  ns  picric  acid, 
for  Instance,  aro  among  these  compounds.  Picric  acid  was  used  as 
a  coloring  agent  for  a  hundred  years  with  no  suspicion  on  anyone’s 
part  that  it  could  also  be  used  as  an  explosive. 

The  honor  of  the  further  development  and  practical  utilization 
of  the  noteworthy  works  of  the  Russian  scientists  belongs  to  the 
Swedish  engineer,  A.  Xohol.  Nobel  perfected  the  design  of  the 
detonator  and  invented  a  number  of  dynamites  and  nitroglycerine 
powders  (ballistltes) . 

The  Applloatlon  of  High  Exuloaives  iu  Artillerar.  The  Russians 
decided  to  accept  nitrocellulose  as  a  filler  for  artillery  shells 
in  1876.  However,  the  development  of  a  method  for  filling  was 
difficult  owing  to  its  newness  and  fllffloulty  of  the  task.  The 
filling  of  shells  with  damp  nitrocellulose  was  developed  only  dur¬ 
ing  the  beginning  period  of  the  year  I89O,  and,  furthermore,  this 
method  was  used  for  only  a  few  mortar  and  cannon  shells  whose  cali¬ 
ber  was  from  8  to  11  inches. 

The  filling  of  ammunition  with  nitrocellulose  instead  of  black 
powder  was  an  Important  stage  in  the  history  of  artillery.  But, 
on  account  of  the  high  sensitivity  of  dry  nitrocellulose  to  mochanl- 
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cal  effects?!  It  could  only  bo  used  in  shells  with  e  dampness  con¬ 
tent  of  18-20fi.  Maintaining  such  dampness  required  a  constant 
supervision  over  the  nltrocollulose.  It  was  also  necessary  to 
exercise  control  over  its  chemical  stability. 

In  connection  with  the  defects  which  are  intrinsic  to  nitro¬ 
cellulose,  after  Turpin  (France  discovered  n  method  to  detonate 
from  u  booster  with  cast  picric  acid  (melinite)  towards  the  close 
of  tho  1890's,  a  number  of  nations  decided  to  substitute  it  for 
nitrocellulose  as  a  shall  filler.  The  Uussions  decided  to  use 
tho  properties  of  this  substance  and  started  to  fill  shells  with 
this  at  the  beginning  of  the  l890*s.  This  work  was  conducted  by 
S.  V.  Panpushko.  A  method  for  filling  several  large-caliber 
shells  with  melltliie  was  developed  in  18^4.  During  this  period, 
a  method  for  filling  tho  shells  used  by  the  Model  I877  field  piece 
with  molltine  was  developed.  During  tasting  of  these  shells,  two 
guns  ruptured,  causing  fatalities.  This  failure,  tho  causes  of 
which  were  not  sufficiently  Investigated  at  that  time,  slowed 
down  the  introduction  of  high  explosives  as  a  shell  filler  for 
field  pieces  for  a  long  time. 

The  works  which  were  conducted  along  these  lines  in  other 
countries  were  also  not  too  successful.  Even  though  the  English 
armed  forces  wore  equipped  with  lyddite  shells  (English  term  for 
melinite)  toward  the  close  of  the  1890's,  the  amount  of  Incomplete 
shell  bursts  during  the  Boer  War  (1899-1902)  amounted  to  lOO'i.. 

This  was  duo  to  the  imperfect  design  of  the  fuses.  The  shelling 
effect  was  completely  unsatisfactory,  and  worse  than  in  the  case 
where  black  powder  shells  were  used. 
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With  the  appearance  of  rapid-fire  field  artillery  at  the  be¬ 
ginning  of  the  twentieth  century,  the  opinion  was  that  all  of  the 
taeka  required  in  combat  operations  could  be  fulfilled  with  one 
gun:  a  ligh  field-piece  firing  one  type  of  shell  -  shrapnel.  In 
connection  with  this  idea,  the  light  ^ield  artillery  h.  e,  shell 
was  removed  from  the  ordnance  in  several  European  countries. 

Japan  was  the  only  country  to  use  the  high-explosive  shell  for  the 
75  mm  field  and  mountain  gun.  T|^1b  shell  was  filled  with  800 
grams  of  picric  acid  ("Shimoze"). 

The  Devalonment  of  Aiimninltioa_af  ter  the,  BusBO-J.apanese.  JVax.. 

The  PusBO-Japaneso  ^?ar  had  an  important  effect  on  the  development 
of  military  technology  in  general  and  on  the  development  of  ammuni¬ 
tion  in  particular.  This  war  completely  resolved  the  moot  quostlon 
concerning  the  value  of  the  high  explosive  shell  In  ground  combat. 

During  the  Dusso-Japanose  War,  troops  and  materiel  occupied 
well-organized  trenches  and  wood-  and  earth-  dugouts  for  a  pro¬ 
longed  period  for  the  very  first  time.  These  engineer-constructed 
field  fortifications  were  set  up  not  only  on  the  main  line  of  re¬ 
sistance,  but  also  in  the  rear  areas.  Powerful  high  explosive 
shells  and  long-range  heavy  artillery  was  needed  to  demolish  them. 
The  importance  of  large-caliber  high-explosive  shells  containing 
a  picric  acid  charge  of  up  to  4o  kg  (In  12-lnch  shells)  for  naval 
engagements  was  also  manifested  in  this  war.  Naturally,  these 
shells  could  not  pierce  even  light  armor,  but  their  bursts  caused 
a  large  amount  of  destruction  on  the  ship.  Finally,  the  Russo- 
Japanese  War  showed  that  the  new  methods  employed  in  the  conduct 
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of  war  require  a  large  expenditure  of  ammunition,  which  fact  was 
not  observed  in  previous  wars. 

All  of  this  caused  many  countries  to  introduce  miscellaneous 
and  numerous  field  pieces  into  their  ordnance  and  to  stock-pile 
large  supplies  of  ammunition  in  the  interim  between  the  kusso- 
Japanese  War  and  World  War  I. 

Trotyl  (TNT)  was  introduced  in  Russia  as  a  shell  filler  during 
this  period  (I909), 

Growth  of  Ammunition  Consumption  from  the  World  War  I  Period. 

Shortly  after  the  outbreak  of  World  War  I  new  circumstances 
came  into  existence,  which  greatly  Increased  the  consumption  of 
ammunition,  and,  correspondingly,  explosives. 

First  of  all,  in  spite  of  the  prevailing  opinion,  it  was  de¬ 
termined  at  the  very  beginning  of  the  war  that  artillery  fire  would 
inflict  the  heaviest  losses  and  was,  therefore,  the  most  deadly. 
This  led  to  e  further  increase  In  artillery.  At  the  same  time, 
trench  mortars  appeared  in  large  quantities  during  World  War  I. 
These  were  Invented  and  first  used  by  the  Russian  armies  during 
the  siege  of  Port  Arthur  hy  the  Japanese.  This  mortar  was  pri¬ 
marily  a  smooth-bore  weapon  loaded  from  the  muzzle,  and  with  a 
range  of  O.5  to  1  kilometer.  They  were  called  bomb- throwers  and 
trench  mortars.  Hand  and  rifle  grenades  were  used  in  large  quan¬ 
tities  for  the  first  time  In  World  War  I.  Heavy  machine  guns,  and, 
at  a  later  date,  automatic  rifles  also  made  an  appearance  in  largo 
numbers . 

Secondly,  defense  in  World  War  I  was  not  only  perfected  en- 


-  14  - 


gineering-wise f  but  also  greatly  strengthened  on  account  of  the 
increasing  fire-power  of  artillery  and  small  arras.  Infantry  was 
not  in  a  position  to  break  through  the  enemy  defenses  without  a 
previous  preparation  for  this  break-through  with  special  engineer¬ 
ing  means.  Artillery  was  the  decisive  means,  because  prior  to  the 
appearance  of  chemical  offensive  means  as  well  as  of  tanks  ^nd 
aviation  at  a  later  period,  only  the  heavy  fire  of  the  artillery 
could  demolish  the  defensive  Instollntlons  of  the  enemy,  to  des¬ 
troy  or  demoralize  their  defenders,  to  silence  their  fire,  and  to 
enable  the  attackers  to  break  through  the  defenses  with  fewer 
casualties. 

The  dynamics  of  the  growth  of  ammunition  expenditure  for  the 
relatively  short  historical  period  from  IR7O-I945  are  of  some  In¬ 
terest. 

During  the  Franoo-Prussian  War  of  I87O-IR7I,  the  Prussians 
used  up  650,000  shells.  The  Bussians  used  up  900,000  shells  in 
the  Russo-Japanese  War. 

The  ammunition  expenditure  for  the  entire  period  of  World 
War  I  consisted  of  (in  millions  of  artillery  rounds  of  all  calibers) 
Russia  .  .  .  .  up  to  50 

Austria-Hungary  .  .  .  about  70 

Germany  ....  about  275 
England  ....  about  I70 
France  ....  about  191 

(75  and  155  mm) 

The  overall  artillery  ammunition  expenditure  for  the  period 
of  World  War  I  was  more  than  a  billion  rounds  at  a  cost  of  more 
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than  50  billion  rubles. 

Not  only  the  overal^ramunition  expenditure,  but  also  their 
tremendous  expenditure  In  narrow  sectors  of  the  front  in  separate 
operations,  is  enlightening.  Thus,  for  instonoe,  the  preparatory 
artillery  fire  prior  to  the  infantry  assault  and  protection  for 
the  Allied  attacking  forces  at  Verdun  on  a  I5  kilometer  front 
during  the  period  13-26  August  I917  required  the  expenditure  of 
about  three  million  75  mm  and  one  million  heavy-oallber  shells. 

This  artillery  ammunition  expenditure  was  of  about  120,000  tons, 
which  means  that  about  8  tons  of  shells  were  fired  per  1  meter  of 
front.  This  figure  does  not  include  land  mines. 

Ammunition  expenditure  was  even  greater  in  World  War  II. 

Hassed  artillery  fire  was  used  in  the  direction  of  the  main  effort. 
'Viiere  the  number  of  pieces  per  kilometer  of  front  did  not  exceed 
160  during  an  assault  on  the  enemy  in  World  War  I,  during  World 
War  II  the  niunber  of  pieces  and  mortars  used  in  separate  opera¬ 
tions  amounted  ftora|250  to  610  per  kilometer  of  front. 

During  the  years  of  World  War  II,  the  U,  s.  A,  produced 
331,000,000  shells,  377»000  tons  of  mines,  5i900,000  tons  of  air¬ 
craft  bombs,  and  scores  of  millions  of  rounds  of  small  arms  ammuni¬ 
tion. 

The  ammunition  expenditures  which  were  great  even  in  World  War 
I,  speeded  up  the  development  and  introduction  into  ordnance  of 
new  explosives  shortly  after  the  outbreak  of  this  war.  Tliis  was 
done  in  order  to  meet  the  requirements  of  unforeseen  massive  de¬ 
mands  for  explosives. 
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Of  this  frroup,  tho  ©mmoulnm-ni trate  explosivos  took  on  a 
basic  Importance.  Those  explosives  consisterl  of  an  BDunonliim 
nitrate  mixture  with  TNT,  trinitroxylene ,  as  well  as  with  other 
nitro  compounds.  The  raw  material  source  of  their  basic  com¬ 
ponents  was  ammonium  nitrate. 

This  class  of  explosives  was  used  for  the  first  time  during 
the  1880*  s  by  I.  JI.  Chel'tsov,  who,  in  1886,  proposed  to  use  a 
mixture  composed  of  72.5/i>  plcrate,  called  ''thunderbolt",  as  a 
filler  for  mines  end  shells.  Later  on,  when  the  production  of 
TNT,  diuitronaphtelene ,  etc.,  became  organized,  Bimiionium  nitrate 
explosives  which  contained  these  nitro  compounds  began  to  be  i)ro- 
duced . 

high  Exolosives  in  the  USSR.  Tlie  production  of  high  explos¬ 
ives  was  at  a  retarded  pace  in  pre-revolutionary  Russia.  Some 
of  the  explosive-producing  factories  were  owned  by  foreign  iti- 
torests  previous  to  World  War  I.  It  is  quite  natural  that  they 
did  not  care  too  much  about  developing  the  technology  of  this  in¬ 
dustry,  hut  were  only  interested  in  profits. 

Therefore,  it  was  necessary  to  import  largo  quantities  of 
explosJves  during  World  War  I.  The  proposal  of  A,  A.  Solonln  to 
use  am«.tol  -  a  mixture  of  amraoiiiura  nitrate  and  TNT  -  as  a  filler 
for  shells,  and  aumunonal  -  a  mixture  of  ammonium  nitrate  with 
aluminum  and  hylyl  -  as  a  filler  for  hand  grenades  was  of  great 
importance. 

When  high  explosives  were  first  used  as  ammunition  fillers, 
this  ammunition  was  filled  by  pouring  melted  substances  Into  them 
(except  nltro-cellulose) ,  The  Introduction  of  pour- type  ammonium 
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nitrute  exploeives  brought  about  the  flevftlopraent  of  new  loading' 
methods,  which,  however,  remained  very  Imperfect  throughout  the 
course  of  the  entire  war.  The  methods  for  loading  with  pour- 
type  explosives  were  improved  after  World  War  I.  Nonetheless, 
the  old  method  of  loading  still  found  extensive  use  in  conjunc¬ 
tion  with  the  new  methods. 

Of  the  scientists  and  specialists  who  had  a  decisive  in¬ 
fluence  on  the  development  of  the  ammunition-loading  pursuit  in 
Russia,  the  attainment  of  the  pioneer  in  this  field,  S.  V.  Pan- 
pushko,  should  be  pre-eminent.  E.  G.  Gronov  developed  amatol- 
loading  during  World  War  I. 

During  the  Soviet  period,  N.  T.  Zveryev  mode  durther  im¬ 
provements  in  the  use  of  TXT  as  a  filler.  N.  T.  Zvyeryev  made 
more  important  contributions  in  the  technique  of  loading  ammuni¬ 
tion  by  the  endless-sorew  taethod,  which  was  developed  by  him 
during  1929-1931 •  This  method  solved  the  problem  of  using  am¬ 
monium  nitrate  explosives  as  ommunltlon  filler  in  the  Great 
Patriotic  War. 

Anti-Tank  Ammunition.  Tanks  appeared  on  the  battlefield 
for  the  first  time  in  World  War  I.  Specially-designed  shells 
which  could  pierce  the  armor  plating  were  needed  in  order  to 
successfully  engage  them.  The  killing  effect  of  such  a  shell 
must  be  beyond  the  armor  plate,  l.e.  on  the  inside  of  the  tank. 
Duo  to  the  requirements  of  a  rapid  rate  of  fire,  these  shells 
wore  of  small  caliber  at  first.  A  requirement  for  greater  power 
in  the  explosive  was  a  natural  sequel. 
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Research  and  study  into  the  properties  of  high  explosives 
was  intensified  after  World  War  I.  A  use  for  PETN  and  cyclonite 
as  high  explosives  was  found. 

The  appearance  of  such  rapidly  moving  targets  such  as  tanks 
and  airplanes  made  it  necessary  to  he  able  to  observe  the  tra¬ 
jectory  of  the  bullet  or  small-caliber  shell,  so  that  aimed  fire 
could  be  employed.  This  problem  was  solved  by  the  use  of  tracers. 

A  further  development  in  ammunition  for  anti-tank  guns  led 
to  the  employment  of  shaped-charge  shells  during  World  War  II. 

The  phenomenon  of  shaping  was  first  discovered  in  1B6U  by  M.  51. 
horyeskov.  The  Soviet  scientists  and  artillerists  made  use  of 
this  theory  in  the  Great  Patriotic  War  and  produced  various  types 
of  shaped-charge  ammunition. 

Explosives  in  World  War  II.  PETN  and  cyclonite  were  pro¬ 
duced  in  large  quantities  for  the  first  time  in  World  War  II. 

No  other  new  explosives,  with  the  exception  of  some  minor  sub¬ 
stances,  appeared  in  any  of  the  warring  nations. 

The  work  of  plants  and  research  laboratories  were  apparently 
directed  to  increasing  the  quantity  of  the  explosives  produced 
at  that  time  with  preservation  of  the  highest  possible  qualities 
for  the  purpose  of  satisfying  the  greatly  increasing  need  of 
loading  all  types  of  ammunition,  including  the  previously  unfore¬ 
seen  demand  in  aircraft  high  explosive  bombs. 

Uoltian  Mgana.  For  a  long  time,  solid  shot 

was  fired  from  cannon,  and  only  beginning  with  the  close  of  the 
17th  and  beginning  of  the  18th  centuries  was  there  an  appearance 
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of  bursting,  spherical  shells  loaded  with  powder  and  provided 
with  a  wooden  time  fuse  filled  with  powder. 

The  reequipping  of  artillery  with  rifled  places  led  to  the 
development  of  new  types  of  shells  (cylindrical)  with  Impact 
and  time  fuses  with  friction  primers. 

Fulminate  detonators  were  employed  for  stimulating  the  high- 
explosive  shells.  In  19OO,  combination  detonators  were  proposed, 
in  which  up  to  3/4  of  the  fulminate  of  mercury  was  substituted 
by  TNT  or  tetryl,  which  secured  the  production  and  use  of  the 
detonators  and  which  greatly  increased  their  initiating  ability. 

A  further  increase  in  the  power  was  obtained  by  substituting  the 
TNT  in  combination  fuses  with  tetryl  at  first,  and  then  with  PETN 
and  oyclonite. 

The  works  of  A.  A,  Solonin  hod  a  great  impact  on  the  per¬ 
fection  of  azide  detonators.  He  studied  the  derivation  and  pro¬ 
perties  of  azide  and  trlnl troresorcinate  of  lead  in  great  detail 
and  then  developed  methods  for  their  employment  in  detonators. 

Back  in  the  days  of  World  War  I,  8.  P,  Vukolov  and  R.  V. 
Mussyelius  developed  several  test  samples  of  azide  detonators 
for  fuses  which  were  used  for  naval-type  shells.  The  works  of 
our  talented  designers,  E.  G.  Gronov,  A.  A.  Dzyerzhkovich,  V.  I. 
Rdultovskly,  A.  K.  Yurvyolin  and  others  played  an  important  role 
in  the  development  of  primers. 

The  works  of  the  Soviet  primer  specialists  were  of  great 
inspiration  in  the  Great  Patriotic  War. 
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Deyelopmant  of  PvrotflfthnlnH.  It  has  boen  noted  above  that 


fire  was  used  as  a  means  of  combat  even  back  in  antiquity  and 
that  the  Chinese  employed  combustible  substances  for  several 
centuries  prior  to  our  era. 

For  a  long  time,  the  development  of  pyrotechnics  in  Russia 
proceeded  mainly  along  the  lines  of  fireworks  compositions. 
Starting  with  the  19th  century,  Russian  scientists  started  to 
study  the  compounds  for  military  purposes.  K.  I.  Konstantinov 
(IBI9-I871)  did  a  lot  for  the  development  of  Russian  domestic 
pyrotechnics.  He  carried  out  many  studies,  designed  several 
rockets  and  set  up  their  production  during  the  Crimean  War  of 

The  works  of  V,  N.  Chikolyev  and  F.  F.  Matyugo  played 
a  prominent  role  in  the  further  development  of  pyrotechnics.  In 
con;junction  with  other  scientists,  they  laid  down  the  scientific 
principles  of  pyrotechnics  in  the  middle  of  the  last  century. 

The  works  of  these  scientists  were  continued  by  P.  S.  Tsytovlch 
(1883-1894)  and  F.  V.  Styepanov  (I82I-I909). 

The  importance  of  the  works  of  the  eminent  Russian  physicist- 
chemist,  N.  N.  Byeketov,  must  also  be  mentioned  in  particular. 

Ho  discovered  a luml no thermic  reactions  in  the  l860's.  The  note¬ 
worthy  studies  of  N,  N,  Byeketov  led  to  the  origination  of  a 
new  branch  of  metallurgy  and  of  a  new  type  of  extremely  effective 
corabustlblfl  compounds  -  thermites  and  «1 1 ghtl y-gassons  or  non- 
gaseous  thermite  mixtures. 

A  prominent  role  in  the  development  of  pyrotechnics  up  to 
1914  and  during  the  period  of  World  War  I  was  played  by  Frshov, 
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Sannlkov,  Gorbov,  Pogrebnyankov,  and  others. 


BgaliflEflngnli  Aytt![t.i.QTl  .finft  Roctol  .SballB.  'The  problem  of 
shelling  the  enemy's  far  rear  areas  already  oarae  up  In  World 
War  I.  The  famous  German  long-range  gun  (Big  Bertha),  which 
shelled  Paris  in  1916  from  a  range  of  about  100  km,  had  a  cer¬ 
tain,  short-lived,  morale  success,  but  it  turned  out  to  be  in¬ 
effective  and  too  expensive. 

The  problem  of  shelling  the  enemy's  far  roar  areas  was 
solved  in  World  War  II  by  the  employment  of  bombardment  aviation 
for  this  purpose.  Long-range  guided  missiles  appeared  toward  the 
and  of  the  war.  Once  again  the  problems  of  extreme-range  shell¬ 
ing  were  solved.  In  addition  to  this,  rockets  assumed  a  great 
importance  as  a  means  for  the  destruction  of  the  enemy's  manpower, 
tanks,  aircraft  and  other  targets. 

Atomic  Weapons.  After  World  War  I,  the  chemists  were  faced 
with  the  problem  of  creating  a  super-powerful  explosive  which  would 
exceed  many  times  the  force  of  the  explosives  known  at  that  time. 

A  study  of  the  problem  showed  that  contemporary  chemistry  was  in 
a  position  to  come  up  with  an  explosive  whose  force  would  exceed 
such  known  explosives  as  nitroglycerin  evto  four-  or  fivefold. 

The  problem  of  getting  a  super-powerful  explosive  could  be 
solved  only  a  quarter  of  a  century  later  by  contemporary  nuclear 
physics.  With  respect  to  energy  capabilities  of  the  latter, 
this  can  be  quickly  ascertained  by  the  data  relating  to  the  de¬ 
composition  of  uranium,  where  an  energy  of  18  billion  kllooals/kg 
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is  released.  iVhtin  the  uranium  decay  explosion  takes  place,  the 
temperature  builds  up  to  about  10  million  degrees.  (Tlie  maxi¬ 
mum  temperature  during  tho  explosion  of  ordinary  explosives 
amounts  to  about  4000°.)  The  discovery  of  the  chain  reaction  of 
radioactive  uranium  decay  made  it  possible  towards  tho  end  of 
World  War  II,  to  create  a  weapon  of  tremendous  power-  -  the 
atomic  bomb.  Still  more  powerful  sources  of  onergy  were  dis¬ 
covered  lator  on  -  thermonuclear  reactions,  which  wore  the  basis 
for  the  creation  of  tho  hydrogen  bomb. 


A  striking  feature  in  the  organization  of  scientif i c-resenrcli 
operations  in  the  Soviet  period  is  the  fact  that,  when  any  ar¬ 
bitrary  and  more  or  less  complex  problem  has  to  bo  solved,  teams 
of  scientists  and  engineers  of  varying  specialties  are  put  on 
tho  project,  instead  of  just  Individuals.  If,  in  the  beg.i uninr/, 
a  scientist  verifies  and  works  out  some  problow  on  tho  brif^is  of 
now  ideas,  then,  at  a  later  period,  beginning  with  a  predo toruil nod 
phase,  collective  effort  proved  to  be  tho  most  fruitful.  Just 
this  kind  of  effort  on  the  part  of  our  scientists  and  enginoers, 
who  were  filled  with  Soviet  patriotism,  brought  about  to  a  signi¬ 
ficant  extent  the  remarkable  attainments  of  Soviet  science  and 
technology. 

Soviet  scientists  successfully  continued  the  works  of  thoir 
talented  predecessors,  they  made  great  contributions  in  the 


development  of  a  wide  oixcle  of  issues  concerning  the  theoryi 
production  and  employment  of  military  high-explosives  and  gun 
powders,  which  helped  to  assure  the  supply  of  the  Soviet  armed 
forces  in  the  Great  Patriotic  War  with  all  types  of  high-quality 
ammunition  in  the  required  quantities. 
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SECTION  I 


THEORY  OF  EXPLOSIVES 


CIT.APTER  I 

OENERAL  CHARACTERISTICS  OF  EXPLOSIVES 
ANR  THEIR  CLASSIFICATION 

1.  General  Considerntions  Concarnine:  Explosion 

1,  Rftf inttlone.  The  term  explosion  means  a  very  rapid  de¬ 
velopment  of  mechanical  work  which  is  caused  by  the  sudden  ex¬ 
pansion  of  gases  or  vapors.  The  causes  of  this  sudden  expansion 
of  gases  or  vapor  can  be  variegated.  We  shall  mention  somo  of 
these. 

a.  An  abrupt  change  in  the  physical  state  of  a  system,  as, 
for  instance,  the  rupture  of  a  vessel  of  compressed  gas.  Vhen 
cas  expands,  a  rupture  of  the  vessel's  wall  takes  place;  the 
splinters  fly  at  a  rapid  pace;  and  circumambient  object's  are  de¬ 
molished  or  damaged.  The  explosions  caused  by  similar  physical 
processes  are  called  physical  explosions. 

b.  A  rapid  chemical  reaction  with  the  formation  of  gaseous  or 

I 

vaporous  products,  which  are  accompanied  by  the  generation  of  heat. 
An  example  of  this  can  be  the  explosion  of  gunpowder,  where  a  ra¬ 
pid  chemical  reaction  among  the  saltpeter,  carbon,  and  sulfur 
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takflR  plac«.  This  reaction  In  accompanied  by  the  emisnion  of 
a  large  amount  of  boat.  The  forming  ganooue  products,  wblcb 
have  been  heated  to  a  high  temperature  by  the  reaction  tempera¬ 
ture, have  a  high  prenaure,  and,  in  expanding,  produce  mechani¬ 
cal  work. 

Exploalonn  cauaed  by  a  rapid  chemical  reaction  are  called 
chemical  exoloalona.  Chemical  reaotiona  which  are  accompanied 
by,  or  are  capable  of  being  accompanied  by  an  explosion,  are 
called  exploelve  lrAnflf.0im.tl9Jaa » 

Subetancea  which  are  capable  of  oxplonivo  transformation 
are  called  exploalves. 

c.  Fast-acting  nuclear  or  thermonuclear  reactions  (reactions 
of  flasion  or  fusion  of  atomic  nuclei)  at  which  a  tremendous  a- 
inount  of  heat  Is  liberated.  The  reaction  products  -  the  jacket 
of  the  atomic  or  hydrogen  bomb  and  a  certain  portion  of  medium 
surrounding  the  bomb  -  are  Instantaneously  converted  into  ex¬ 
tremely  high- temperature  gases  which  possess  a  correspondingly 
high  pressure.  This  phenomenon  is  accompanied  by  tremendous 
mechanical  work. 

Explosions  which  occur  as  the  result  of  such  reactions  are 
called  fttOJWlC  flXBlfiAlSUIfi • 

We  shall  examine  only  chemical  explosions  and  the  pertinent 
explosives  In  this  book. 

2.  Conditions  Determining  Chemical  Explojilon.  A  chemical 
explosion  is  determined  by  four  conditions?  exothermic  nature  of 
the  chemical  reaction,  the  quantity  of  gases  or  vapors  in  the  re- 
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action  productSf  fast  chemical  reaction  rate*  and  power  of  self¬ 
propagation. 

a.  Exothermic  nature  of  the  reaction.  In  order  to  carry 
out  mechanical  work  during  an  explosion*  it  is  necessary  to  ex¬ 
pend  an  equivalent  amount  of  energy.  The  source  of  energy  in  an 
explosive  is  the  heat  of  the  chemical  reaction.  If  a  supply  of 
energy  from  without  (endothermic  reaction)  is  required  for  the 
chemical  tremsformatlon  of  a  substance*  then  such  a  transforma¬ 
tion  cannot  be  accompanied  by  an  explosion.  Only  those  substances 
where  there  is  an  evolution  of  heat  during  chemical  transforma¬ 
tion  can  be  explosive. 

b.  The  presence  of  gaseous  substances  In  the  presence  of 
chemical  transformation.  Just  as  in  the  case  of  any  heat  machlno, 
a  working  body  -  gases  or  vapors  -  are  needed  to  convert  the  heat 
generated  by  chemical  reactions  Into  mechanical  work,  iHieo  gases 
or  vapors  are  not  present*  such  a  conversion  is  impossible*  and, 
as  a  result*  the  phenomenon  of  explosion  is  also  impossible. 

c.  Fast  chemical  reaction  rate.  This  condition  is  obviously 
associated  with  the  first  two  conditionsi  the  exothermic  nature 

of  the  reaction  should  guarantee  a  rapid  rise  in  temperature*  and 
the  presence  of  gases  or  vapors  in  the  reaction  products  requires 
the  completion  of  the  reaction  previous  to  the  time  when  the  gases 
or  vapors  begin  to  expand  and  spread  through  the  unreacted  parts 
of  the  substance. 

d.  Power  of  self-propagation.  An  explosive  transformation 
generally  originates  within  a  limited  sector  of  the  substance  under 
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the  effect  of  on  external  impulse.  This  Is  possible  in  the  case 
when  the  begun  chemical  reaction  propagates  spontaneously  along 
the  substance.  This  condition  is  associated  with  the  first  three 
conditions  to  a  certain  extent. 

2.  EXPLOSIVES  AS  A  SOURCE  OE  El^RGY  AXD  TITEIR  CLASSIFICATION 

1.  Comparison  of  explosive  energy  with  fuel  energy. 

The  overall  amount  of  energy  emitted  by  an  explosion  of  ex¬ 
plosives  which  are  equal  by  weight  to  the  quantity  of  a  mixture 
of  ordinary  combustible  substances  with  oxygen  is  lower  than  the 
heat  of  combustion.  This  can  be  readily  seen  from  Tables  I  and  II. 

Another  picture  can  be  obtained  by  comparing  the  same  quan¬ 
tities  taken  not  as  a  unit  of  weight,  but  as  a  unit  of  volume 
(Tables  III  and  IV). 

It  Is  evident  from  a  comparison  of  Tables  I  and  II  that,  in 
the  combustion  of  ordinary  combustible  substances  with  gaseous 
hydrogen  heats  which  are  two  to  three  times  greater  than  in  the 
explosion  of  1  kg  of  explosive  are  emitted  per  1  kg  of  the  mix¬ 
ture.  A  comparison  of  the  temperatures  of  these  same  reactions, 
related  to  a  unit  of  volume  (Tables  III  and  IV)  indicate  that 
the  concentration  of  energy  in  liquid  and  solid  explosives  in  a 
unit  of  volume  is  200  to  500  greater  than  in  the  case  of  ordin¬ 
ary  fuels,  and  1000  greater  than  in  the  case  of  a  mixture  of 
hydrogen  and  oxygen. 


-  28  - 


TARLK  T 


Hr’iloeive 

]le»t  of  Kxploplon 

Hi  lorel/kp 

rtunpowder 

66*; 

TN^’ 

0*50 

I'yroxy'l  1  n 

1025 

HitrofJilyoerine 

1500 

TAM.K  IT 


Heat  of  Comliuption  of  Combtiptible  ^flxtnrea  with  Gapeonp 
Oxygen  _ _ 


Fuel 

Heat  of  Combustion 

In  kllocal/ke 

Carbon 

?1U0 

Hanzens 

?no 

Hyrtropen 

1230 

29 


TABLE  III 


Explosive 

ITest  of  Explosion 

EllOOBl/kC 

Gunpowder 

800 

TNT 

1460 

Pyroxylin 

1330 

Nitroptlycerloe 

2400 

TABLE  IV 

Heot  of  Goraljustlon  of  combustible  mixtures  with  gnseous 


ojggan _ _ 

Fuel 

neat  of  Combustion 

ICl  local /kg 

cerbon 

4,2 

BeuKeoe 

4.4 

ITydrogen 

1.; 

\ 
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2,  JlftLa.tiQn_of  .  the  power  generated  in  an  arploalon  to  .thfl 
enargy  relftaee  rate.  Aside  from  the  high  volumetric  concentra¬ 
tion  of  energy,  Its  very  rapid  rate  of  release  is  oharaoterl atlc 
in  the  case  of  explosives. 

The  life  of  an  explosive  transformation  for  various  explos¬ 
ive  chargfip  can  he  from  several  hundred  to  hundred-thousandth 
and  millionth  parts  of  a  second .  This  factor  determines  the 
higVi  power  which  is  developed  in  an  explosion.  We  shall  demon¬ 
strate  this  iiy  using  TNT  as  an  example. 

Nine  hundred  and  fifty  kilocals  are  emitted  In  the  explos¬ 
ion  of  1  Irg  of  TNT.  Apsumlng  that  the  propagatlonal  explosion 
products  are  adlabltic  on  account  of  the  brevity  of  the  process, 
and  takluc  the  efficiency  as  equal  to  10^,  we  find  that  the 
meohanlcol  work  which  can  be  created  by  the  explosion  products 
of  1  kg  of  T.';T  Is  equal  to  0.1  x  950  x  427  “  4l,000  kllograra- 
raeters  (427  kilogranune  ters/kilocal  =  raeobanioal  equivalent  of 
beat),  -.'/ithin  certain  allowances  with  respect  to  shape  and  den¬ 
sity  of  tho  charge,  the  duration  of  the  explosion  can  be  roughly 
calculated  to  one  one-thousand  of  a  second.  From  this  point,  we 
can  find  the  power  generated  in  the  explosion  of  1  kg  of  TNT 
(considering  that  102  kilogrammeters/second  is  equal  to  1  kilo¬ 
watt) 


41,000  _  40.2  million  kilowatts 

10"®  X  102 
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It  Is  a  woll-lcnown  fact  that  there  are  no  machines  In  exist¬ 
ence  which  can  generate  such  colossal  power*  This  example  shows 
that  the  high  power  of  explosives  is  dependent  not  so  much  upon 
the  large  store  of  Internal  energy,  as  upon  the  extremely  short 
life  of  the  explosion, 

3.  Glaasifloatloa  and  General  CharacteristlcB  of  the  Ex¬ 
plosive  Transformation  Phenomenon.  The  chemical  transformation 
which  originates  in  some  part  of  the  explosive  propagates  in  suc¬ 
cession.  The  presence  of  a  transformation  front,  i.e.  a  narrow 
zone  of  intense  oheraical  reaction  which  liberates  reaction  pro- 
tlucts  from  the  still  unreacted  initial  explosive,  Is  a  charac- 
taristlo  feature.  The  distance  which  the  reaction  front  tra¬ 
verses  in  a  unit  of  time,  and  equal  to  the  layer  thickness  of  the 
explosive  undergoing  explosive  transformation  in  a  unit  of  time, 

Is  characterized  hy  the  propagation  rate  of  the  explosive. 

The  self-propagating  chemical  transformation  of  the  explos¬ 
ive  can  take  place  in  accordance  with  two  different  methods. 

A.  The  energy  liberated  in  the  reaction  zone  is  transferred 
from  the  burning  products  to  the  nearest  layers  of  the  Initial 
explosive  in  the  form  of  heat  in  accordance  with  heat  transfer 
processes.  The  temperature  of  the  substance  in  these  layers  is 
increased  and  a  reaction  sets  in.  In  this  particular  case,  the 
chemical  transformation  propagates  by  atmospheric  pressure  at  a 
rate  of  millimeters  per  second  and  the  propagation  rate  is  strictly 
dependent  upon  the  pressure  under  which  the  process  takes  place. 
Such  a  process  is  celled  ooighuBtlon. 
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When  the  combustion  takes  place  out  in  the  open,  it  Is  not 
accompanied  by  either  the  characteristic  sound  effect  or  mechani¬ 
cal  work.  In  a  closed  space,  however,  such  as  In  the  powder 
ohamhor  of  a  weapon,  the  process  occurs  more  energetically!  the 
pressure  increases  swiftly  and,  as  a  result,  the  rate  of  combus¬ 
tion  increases;  a  very  rapid  displacement  of  the  shell  or  bullet 
takes  place  under  the  effect  of  this  high  pressure,  i.e.  a  shot 
accompanied  by  a  sharp  sound  effect. 

The  effect,  which  consists  of  imparting  velocity  to  the  ob¬ 
ject  by  means  of  pushing  it  forward  with  its  being  burst  (split¬ 
ting  or  breaking  up)  is  called  propel  11  nar 

When  black  powder  burns  in  a  tamped  shot-hole,*  there  is  also 
an  increase  in  pressure  and  corresponding  increase  in  the  combus¬ 
tion  rate  which  brings  about  the  demolition  of  the  circumambient 
medium  such  as  stone,  rook,  etc.  and  flight  of  the  hroken-up 
pieces  -  an  explosion  occurs* 

For  burning  in  a  closed  space,  such  as  in  a  weapon's  powder 
chamber  or  a  shot-hole,  it  is  charaoteristlo  of  the  gas  pressure 
to  rise  more  or  less  swiftly  but  not  sharply,  to  a  value  of 
several  thousand  atmospheres. 

B.  The  second  mechanism  for  the  propagation  of  the  chemical 
transformation  of  an  explosive  consists  in  the  transfer  of  energy 
from  layer  to  layer  by  a  compression  wave.  Speaking  more  strictly, 
this  is  a  shook  wave,  with  which  we  shall  become  acquainted  shortly. 
In  this  case,  the  chemical  transformation  propagates  along  the 
substance  with  a  speed  on  the  order  of  a  thousand  meters  per  second, 
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whereupon,  in  contrast  to  oonbustion,  the  propagation  rate  does 
not  depend  on  the  outside  pressure  at  which  the  chemical  trans¬ 
formation  occurs. 

Such  a  chemical  transformation  is  called  detonation . 

Detonation  is  otaaraoterlzed  hy  an  abrupt  jump  in  pressure 
up  to  200  to  300  atmospheres  at  the  point  of  explosive  transforma¬ 
tion,  and  by  a  very  sharp  crushing  effect  upon  the  circumambient 
medium. 

Having  defined  the  terms  "combustion**  and  "detonation",  wo 
shall  use  the  term  "explosion"  as  the  characteristic  of  the  ex¬ 
terior  manifestation  of  the  explosive  transformation,  expressed 
in  a  very  rapidly  proceeding  mechanical  work. 

4.  Claasifioatlon  of  Exulosives.*  All  explosives  which  are 
used,  or  have  been  used,  in  practice  can  be  divided  into  the  follow¬ 
ing  groups: 

Group  I  -  propelling  explosives  or  powders. 

Group  II  -  powerful  or  high  (secondary)  explosives. 

Group  III  -  Initiating  (primary)  explosives. 

Group  IV  -  many  pyrotechnic  compounds  which  satisfy 
the  requirements  for  chemical  explosion; 
as  a  rule,  they  are  not  intended  for 
blasting. 

The  basic  criterion  for  dividing  explosives  into  these  groups 
are  the  explosive  transformation  conditions  (combustion  or  de¬ 
tonation)  which  is  characteristic  for  each  of  them,  and  the  condi¬ 
tions  of  excitation. 
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Group  I.  .EiftpftlUng  oamlQBilyOB  or  pawAflce*  l^o  character 


ietlc  form  of  explosive  transformation  for  substances  of  this 
group  is  combustion,  not  crossing  over  to  detonation  even  at 
high  pressures  which  develop  in  firing.  These  substances  are 
suitable  for  imparting  motion  to  a  bullet  or  shell  in  the  barrel 
of  a  weapon  and  for  imparting  motion  to  a  rocket  shell. 

By  its  physical  structure,  powder  can  be  divided  into  two 
classes: 

1st  Class.  Mechanical  Mixtures.  Potassium  nitrate-contain¬ 
ing  gun  or  black  powder,  and  various  mixtures  of  the  same  type 
with  other  solid  oxides  such  as  mixtures  with  sodium  nitrate, 
belong  to  this  class. 

2nd  Glass.  Colloid  powders.  Pyroxylin,  which  has  been  ge¬ 
latinized  by  a  solvent,  is  the  preeminent  form  of  colloid  pow¬ 
ders.  Colloid  powders  can  be  divided  into  two  categories,  de¬ 
pending  on  the  nature  of  the  solvent. 

1.  pyroxylin  powders,  produced  with  the  application  of  a 
volatile  solvent,  which  is  removed  from  the  powder  to  a  great  ex¬ 
tent  during  successive  phases  of  production; 

2.  powders  with  a  sllghtly-volatile  or  non-volatile  sol¬ 
vent,  all  of  which  remains  in  the  powder. 

Group  II.  Po^cerful  or  high  (secondary)  exploslyes.  The 
characteristic  form  of  explosive  transformation  of  this  group  of 
Bubstanoes  is  detonation;  they  are  also  capable  of  combustion, 
but,  when  the  pressure  is  raised,  the  combustion  becomes  unstable 
and,  under  certain  conditions,  it  can  convert  into  detonation. 
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Hi^h  exploBives  are  used  as  shell  fillers  and  other  kinds  of 
ammunition,  as  well  as  for  blasting  operations. *  Substances  of 
this  group  are  called  secondary  explosives  because  their  explos¬ 
ive  transformation  is  difficult  to  excite  by  ordinary  forms  of 
exterior  effect  (flame,  friction,  shook,  prick,  etc).  Second¬ 
ary  explosives  are  detonated  with  initiating  explosives  (see 
below) . 

By  their  chemical  nature  and  composition,  the  most  prevalent 
high  explosives  can  be  divided  into  the  following  classes. 

1st  Class.  Nitric  esters  (nitrates)  of  alcohols  or.  hydra- 
carbons.  As  an  example,  the  following  belong  to  this  group: 

1.  Nitric  esters  of  hydrocarbons.  The  chief  representative 
of  those  explosives  is  pyroxylin  or  nitrocellulose.* 

2.  Nitric  eaters  of  alcohols.  The  characteristic  repre¬ 
sentatives  are: 

a.  glycerlntrlnltrate  or  nitroglycerin,  C.H.  (0N0_),,  which 
is  used  for  the  production  of  powders  and  dynamites? 

b.  dlethylene  glycol  dinitrate  or  nitrodlglycol ,  (CH^)^ 

(ONO  )  ,  used  for  the  production  of  colloid  powders, 
s  s 

c.  pentaerythrltol  tetranltrate,  or  PETN,  C(CIIgONOg )^ , 
used  as  an  anti-tank  shell  filler,  for  detonators,  blasting  caps, 
detonating  cord,  and  other  uses. 

2nd  Class.  Nitrocompounds.  These  are  the  most  Important 
high  explosives.  They  include: 

a.  Trinitrotoluene  or  trotyl  CjUg 

b.  Trinltroxylene  or  xylene,  C^H  (CH^) ^ (NO^) ^ 
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c.  dinitro  bpinzene  C.IL  (jNO„). 

(i.  dinltro  nnphtalene  (^Oa)a 

e.  picric  acid  C  IT  OH  ( !V0  ) 

a  a  9  3 

f.  aiamonlum  picrate  C  II  (ONII  )  (VO,  )  , 

8  8  4  8  3 

e:,  Totranitrophenyl  -  mothylnltrainln©  or  tatryl 


Ii.  cyclo-trlmethylona  tri ni  trnml  na  of  cyclonlte 

Fuslonp  of  nltro  coinpouiidp,  as»  for  instance,  trlnitroiolu- 
etio  wltb  (llnitro  napVitalono,  cyclonita  or  xylene  and  some  mechanl- 
chI  mlstrues  of  oertuln  nitro  compounds  or  their  fusions  with 
powdered  aluminum  or  other  substances,  have  assumed  an  important 
meaning. 

3rd  Class.  KxploBive  inlxtureSf  consistinisc  of  a  mixture  of 
an  oxidizer  with  the  explosive  and  fuel.  These  Include: 

1.  ammonium-saltpeter  explosives,  which  contain  ammonium 
nitrate  as  an  oxidizer.  An  example  of  this  are  the  amatols 
HO/20,  60/40,  50/50,  40/60  (the  numerator  indicates  the  ammonium 
nitrate  content  and  the  denominator  indicates  the  trotyl  content); 
granulated  dlnaphtallte  -  a  mixture  of  88^  ammonium  nitrate  anel 

dinitronaphtalene  processed  a  special  way  -  as  well  as  others. 

2.  explosive  mixtures  on  a  base  of  liquid  nitric  acid 
(nitroglycerine  explosives).  The  nitric  acid  ester  comes  mostly 
In  the  form  of  a  gelatine  (dynamite),  but  compositions  containing 
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Rtnall  amounts  of  unsiftlntlnlzerl  nitroelycorina  ara  In  existence. 

In  addition  to  the  nitrate  alcohols,  oxidizers  (nitrates)  and 
combustihlo  materials  go  into  the  mixture; 

3.  chlorate  and  perchlorate  explosives,  containing  salts 
of  chloric  or  perchloric  acids  (chlorates  or  perchlorates) { 

4.  explosive  mixtures  on  a  base  of  liquid  oxidizers,  which 
include  liquid  oxygen  explosives  and  mixtures  on  a  base  of  nitro¬ 
gen  dioxide  or  concentrated  nitric  acid. 

Liquid  oxygen  explosives  ere  made  of  a  combustlon-sorber 
primer  which  has  boon  impregnated  with  liquid  oxygen. 

Group  III.  Initiating  (primary)  exyjlosivee.  Initiating  ex¬ 
plosives  are  characterized  by  the  fact  that  they  can  be  easily 
exploded  from  simple  forms  of  external  action  such  as  flames, 
pricks,  and  friction,  and  they  can  also  detonate  high  explosives. 
The  combustion  of  Initiating  explosives  is  unstable  even  at 
utmospherlc  pressure,  and,  when  they  are  ignited,  detonation  occurs 
almost  i nstanteously .  Similarly  to  high  explosives,  they  prodncn 
a  shattering  and  breaching  effect  on  the  closest  media. 

The  most  important  representatives  of  initiating  explosives 

are : 

1.  fulminate  of  mercury  IIg(0NC)3-morcurlc  salt  and  fulrainic 
acid  CNOH; 

2.  lead  azide  Pb(N  )  -  lead  salt  of  hydrazoic  acid  IIN  ; 

3.  lead  trlnltroresorcinate  C  H  (0„Pb)(N0_),  H-O; 

4.  tetrazene  C  ILOX  . 

as  10 
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CIIilPTO  II 


SENSITIVITY  OF  EXPLOSIVES 
AND  THE  INITIAL  IMPULSE 

1.  DEFINITIONS 

In  order  that  an  explosion  would  Initiate,  it  Is  necessary 
to  produce  an  outside  effect  on  the  explosive,  which  would  Im¬ 
part  a  certain  amount  of  enerpy  to  it.  This  outside  effect  Is 
called  Initial  impulse. 

The  ability  of  the  explosive  to  withstand  the  effect  of 
some  kind  of  outside  effect  is  called  the  eensltivlty  of  the  ex¬ 
plosive. 

The  minimum  energy  of  the  initial  impulse  which  is  suffi¬ 
cient  to  excite  the  explosive  is  the  measure  of  lensltlvlty  of 
the  explosive  to  a  specific  initial  impulse. 

2.  THE  NATURE  OF  THE  SENSITIVITY  OF  EXPLOSIVES 

Explosives  were  previously  considered  as  unstable  substances 
Molecules  of  explosives  were  calibrated  with  a  bone  standing  on 
its  apex.  A  slight  push  »»as  sufficient  to  throw  it  out  of  equi¬ 
librium.  An  even  better  method  aoemod  to  be  comparing  the  ex¬ 
plosive  with  "Prince  Rupert’s  drops"  which  are  produced  by  pour¬ 
ing  molten  glass  into  cold  water.  Pronounced  Internal  stresses 
originate  in  these  drops,  owing  to  which  they  convert  into  a 
powder  when  they  are  lightly  scratched  by  some  solid.  However, 
if  Buch  a  shape  matching  is  allowed  in  the  case  of  highly-sensl- 
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tlv«  substanoee  (nitrogen  iodide),  not  having  practical  applica¬ 
tion,  and  if  it  ie  more  or  lean  acceptable  for  certain  initiating 
exploslvea,  then  it  ie  not  acceptable  for  high  and  many  initia¬ 
ting  exploaivea. 

We  shall  examine  this  matter  from  the  point  of  view  of  a 
presenatatlon  of  the  conditions  of  chemical  reaction  and  mole¬ 
cular  stability. 

In  order  that  two  molecules  of  different  composition  react, 
it  is  obvious  that  they  must  collide.  This  is  a  necessary  con¬ 
dition,  but  it  is  not  sufficient  by  Itself.  The  number  of  colli¬ 
sions,  as  experiment  bears  out,  exceeds  many  times  the  number  of 
reacted  molecules.  Consequently,  not  every  molecular  collision 
is  accompanied  by  their  reaction. 

.  Reaction  occurs  only  in  the  collision  of  reactionable ,  or 
activated  molecules.  The  activated  molecules  are  those  which 
contain  a  store  of  energy  whose  magnitude  must  bo  not  less  than 
that  of  a  specific  capacity.  The  reacting  capability  of  a  mole¬ 
cule  with  an  increase  in  the  store  of  its  energy. 

This  minimum  amount  of  energy  which  molecules  must  have  so 
that  they  could  react  is  called  activation  euergy . 

It  is  quite  obvious  that  the  larger  is  the  number  of  acti¬ 
vated  molecules  in  comparison  with  their  overall  number,  the 
greater  is  the  rate  of  reaction. 

Wo  shall  apply  those  oonsiderations  to  the  case  of  a  colli¬ 
sion  between  molecules  AB  and  Cl),  oonslsting  of  atoms  A,  B,  C, 
and  D.  Let  us  take  the  relationship  A  to  C  and  B  to  1)  as  greater 
than  A  to  B  and  C  to  D.  In  order  that  the  regrouping  (reaction) 
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AB  +  CD  =  AC  +BD  would  take  place.  It  is  first  of  all  necessary 
to  break  or  greatly  weaken  the  bond  between  A  and  B  and  between 
C  and  D.  Lot  us  suppose  that  an  energy  E  is  needed  to  accom¬ 
plish  this.  In  the  collision  of  molecules  having  an  excess  of 
energy  E,  a  rupture  of  the  bond  occurs,  as,  for  example,  in  the 
molecules  AB  and  CD  in  our  case. 

It  is  obvious  that  in  the  succeeding  collision  of  atoms  A 
and  C,  B  and  D,  new  combinations  AC  and  BD  will  form,  i.e.  a 
combining  of  those  atoms  whose  force  of  attraction  to  each  other 
is  the  greatest. 

But  what  becomes  of  the  other  molecules  of  the  substance? 
Three  cases  are  possible  hero. 

1st  Case.  Lot  us  characterlste  the  initial  state  of  the  re¬ 
acting  molecules  by  the  point  K.  In  order  to  convert  the  system 
into  the  activated  state  L,  an  amount  of  beat  which  is  equal  to 
the  activation  energy  E  is  necessary.  Finally,  lot  us  character¬ 
ize  the  terminal  state  (reaction  products)  by  the  point  M.  The 
energy  store  in  the  corresponding  state  is  plotted  on  the  ordin¬ 
ate  axis  of  the  diagram. 

It  can  be  seen  from  the  diagram  that,  as  a  result  of  the  re¬ 
action,  only  a  part  of  the  activation  energy  of  the  molecule  is 
released,  and  an  amount  of  boat  is  absorbed.  The  reaction  is 
endothermic,  and,  therefore,  the  system  is  not  explosive. 

2nd  Case.  Lot  the  system  be  oharactorized  by  the  same  states 
initial  by  K  and  the  intermediate  by  L,  but  the  terminal  state  by 
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fa)  (b)  fc) 


I’lp:.  1.  -  ChfuicH  of  onorijy  in  the  pyetera  durlnp  chomicnl  I'opntion 

(dlnernm). 


M  .  It  is  evident  from  Figure  lb  that,  in  thle  particular  re- 

9 

action,  not  only  all  of  the  systems  activation  energy  E  is  re¬ 
leased,  but,  moreover  the  reaction  heat  .  In  the  transition 
of  the  released  energy  (E  +  Q^)  toward  the  unreacted  molecules, 
some  of  them  become  reactable. 

The  activation  energy  of  many  explosives  fluotuates  within 
limits  of  30  to  60  kllocal/mole ,  and  the  explosive  transformation 
heat  fluctuates  within  200  to  300  kllocal/mole.  Consequently, 
the  amount  of  heat  liberated  during  chemical  transformation  of 
several  molecules  of  an  explosive  is  sufficient  to  impart  activa¬ 
tion  energy  to  a  new  end  thereby  larger  number  of  molecules  of 
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that  BUbetance.  It  in  clear  that  reectionF  of  thin  typo  are  cap¬ 
able  of  Belf-propagatlon  and  the  correBpondlnc  RyntemB  are  ex¬ 
plosive. 

Iru  Cap«?.  bet  the  pystem  be  characterl 7ed  by  the  same  state p 
initial  by  K,  intermediate  by  L  and  the  terminal  state  by  M  . 

3 

It  is  clear  from  Fieuro  Ic  that,  In  this  reaction,  in  addi¬ 
tion  to  the  i.ctivation  enercy  F,  only  a  small  amount  of  heat 
is  relooHod.  This  amount  can  be  Insufficient  for  the  activation 
of  new  inuleculos,  and  the  reaction,  in  spite  of  its  bcins;  exo¬ 
thermic,  cannot  be  self-xiropapatine,  with  the  result  that  it  will 
not  be  explosive. 

The  oxauiined  cases  show  that  it  is  impossible  to  explain  tin. 
sensitivity  of  an  explosive  by  tbe  instability  of  their  molecules. 

A  liioleculo  of  a  substance  can  be  relatively  only  slightly 
stable,  but,  if  no  boa!  or  an  amount  of  heat  which  is  insuffici¬ 
ent  to  actlv.'jte  several  new  molecules,  is  released  during  its 
ohemicul  transfoiiiiation ,  the  r<'--.ctlon  will  not  ])ropagate  and  ex¬ 
plosion  will  \iot  occur.  In  another  case,  the  molecules  can  be 
stable,  but,  if  h  nuantiiy  of  enr-rs:;/  is  released  in  Its  cbeniicrif 
transformation  which  is  sufrioicnt  for  tbe  activation  of  several 
neiebboriin:  molecules,  then  the  reaction  is  self-propagating  and 
explosion  takes  place. 

Tbe  amount  of  energy  which  is  necessary  for  the  dissociation 
of  a  molecule,  l.o .  activation  energy,  can  serve  as  a  measure  of 
its  sensitivity.  The  activation  energy  of  many  explosives  is  con¬ 
siderable,  and,  in  certain  cases,  attains  60  ki local/mole s .  But 
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there  are  ulso  in  exiatence  certain  explosives  whoso  activation 
Querety  consists  of  only  25  hllocal/moles  and  oven  less.  During 
the  same  period  of  time,  the  temperature  of  explosive  tvansforina- 
tiou  for  all  typical  explosives  greatly  exceeds  the  uctivation 
energy. 


3.  KINDS  OF  INITIAL  IMPULSE 

Various  kinds  of  energy  nan  serve  ns  an  initlnl  impulse,  as, 
for  example: 

1.  thermal  -  heating  or  flame  jet; 

2.  inachanioal  -  shocif,  hnllet  shock,  friction,  mil 
pri ckl ng  5 

3.  explosive  energy  of  another  explosive. 

1.  Thermal  Impulse.  Uasic  Considerations  ConcornlnE:  Ther¬ 
mal  Docomposl tion .  In  a  manner  similar  to  non-explosive  chemical 
systems,  explosives  can  undergo  slow  decomposition,  which,  in 
contrast  to  comhustlon  or  detonation,  take  place  not  In  n  narrow 
reaction  front,  hut  throughout  the  entire  mass  of  the  suhstanoe. 
In  the  case  of  ordinary  explosives,  the  rate  of  such  decomposi¬ 
tion  at  normal  temperature  is  imperceptibly  small,  hut  Increases 
sharply  with  temperature.  The  majority  of  explosives  undergo 
slow  decay  at  elevated  temperatures  (below  Ignition  temperature  ■ 
see  page  28),  the  speed  of  which  is  subject  to  the  law  of  mono- 
molecular  reaction 

dx 

V  =  -  *  K(8-x)  (1) 

dt 
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-  ronction  rate; 

a  =  initial  concentration  of  BubBtance; 

X  *=  the  amount  of  BuhRtanco  iinrlereiolne:  rlecay  to  a  fiiven 
niomont  5 

a-x  -■  ronoentration  of  the  pubfitanoe  at  a  slven  niomcnt. 

The  coefriclent  k,  called  the  reaction  rate  constant,  de- 
[)emlp  upon  the  temperature  and  activation  onorsry. 

in  iiiiiny  caBes  of  the  thormitl  decompoBltlon  of  an  exploslvo, 
the  reaction  products  (nitric  acid,  nitric  oxlcleB,  etc)  act  tm*' 
cetalyfits  and  Pharply  accelernt.)  the  docompoBition.  Such  an 
aocelerntion  of  a  ronctloo  by  its  productp  is  colled  autocata l.v'fel s . 
It  is  (lecoBsory  in  this  ease  to  introduce  one  more  term  into  the 
equation  deterinini np  the  reaction  rate,  which  characterizes  the 
effect  of  the  catalyst 

V  a  ||  s 

whore  n  ^  the  order  of  the  reaction  taklnf::  place  with  the  parti¬ 
cipation  of  a  catalyst. 

Fljeure  2  shows  the  nature  of  the  chnns:e  in  the  reaction  rate 
as  a  function  of  the  duration  of  the  process.  Curve  I  represents 
a  pure  monomolecular  decomposition  (without  catalytic  effect  of 
reaction  producta) .  Its  rate  decreases  on  account  of  a  reduction 
In  the  amount  of  the  substance. 

Curve  II  represents  the  process  during  autocatalysis.  At 
the  outset,  the  reaction  proceeds  in  accordance  with  the  mono- 
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Vlr.  ?.  -  T'iRfrrnin  of  chnnco  In  r«to  of  floooinnopJ  tlon  repotion  o'" 

fin  oxploalvo  with  Toapnct  to  tlmH  pt  vorlona  initipl 
toraporpturop. 

molecular  law,  after  that,  as  the  decomposition  products  accumu¬ 
late  and  act  as  catalysts,  the  process  is  accelerated.  Subse¬ 
quently,  in  connection  with  the  use-up  reacted  (Initial)  sub¬ 
stance,  the  rate  decreases  once  again. 

Curve  III  I  plotted  at  a  temperature  T.>T  ,  lies  above  Curve 
II  because  the  reaction  rote  increases  with  an  increase  of  the 
explosive's  temperature.  Curves  IV,  V,  and  VI  were  plotted  at 
rising  temperatures  (T^<T^<  T  <  T  ).  The  unique  nature  of  these 
curves  in  comparison  to  Curves  II  and  III  can  be  explained  by 
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the  fact  that,  at  some  moment  of  time,  the  rate  of  decomposition, 
and,  accordingly,  of  the  release  of  the  reaction  heat,  attains 
values  at  which  the  heat  intake  exceeds  the  heat  output  (on  ac¬ 
count  of  heat  conductivity,  vaporization  and  other  possible  pro- 
oesaos),  and  the  isothermy  of  the  process  is  disrupted.  If  a 
sufficient  quantity  of  the  original  substance  remained  up  to 
this  moment,  then  its  temperature  starts  to  rise,  which  leads  to 
u  further  acceleration  of  the  reaction,  terminating  with  leni- 
tlon  (a  phenomenon  aecompai.ied  by  a  sound  effect  and  flame). 

The  rate  of  tho  process  attains  a  critical  value  at  high  tempera¬ 
tures  in  a  shorter  interval  tine,  as  can  be  seen  from  Figure  2s 

the  series  correspondp  to  the  series  T  >  T  >  T  •  In  • 

®  B  ' 

further  incroRse  of  the  teraperntssre  T,  the  time  intervals  tj  'hirl. 
are  called  expLoslon  h.oldback  ncrloil.  will  decrease.  A  temporo- 
ture  can  he  v'tsual  1  zed  at  which  tho  lultlrl  rote  of  tho  pro- 
cess  is  equal  to  the  critical  value,  i.e.  the  disruption  of  iso- 
thermy  and  corrospoudi nv  origination  of  ignition  will  take  place 
at  an  immeasurably  small  value  for  the  holdback  period.  It  Is 
understood  that  this  should  take  place  with  any  temperature  which 
Is  greater  thun  T  . 

This  minimum  temperature  at  which  the  Isothorray  is  disrupted, 
l.e.  where  the  heat  intake  becomes  greater  than  tho  heat  output 
and  the  chemical  reaction  assumes  the  character  of  an  explosive 
transformation  on  account  of  a  sharp  acceleration,  is  called 
ignition  IflfflfiSUUtlUXfi • 
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Ignition  can  also  occur  at  relatively  low  teraperaturep.  In 
thip  rase*  the  holdbaclc  time  deponilp  not  only  upon  the  tempera¬ 
ture,  but  alao  on  the  particularly  important  adraixturop  of  cer¬ 
tain  aubBtancep  which  act  bp  cntalyptR,  op,  for  Inatance,  mineral 
aciclp. 

Tor  inptance,  nitroglycerine  in  itp  pure  form  (thoroughly 
rinped  from  acidp  during  itp  production)  can  be  preperved  for  a 
long  time  (inonthp,  yeare)  at  a  temperature  of  Ul®  without  any 
alterations.  But  this  name  nitroglycerine  with  an  admixture  of 
5'1>  HNO,  burets  into  flames  after  320  minutoH  at  the  same  tempera- 
turo  of  4l^.  A  check  of  the  pubstance'e  temperature  (with  a 
thermocouple)  showed  that  it  romainp  equal  to  4l°  for  almoBt  all 
of  the  Btrotch  of  the  experiment,  and  it  Ptarte  to  rise  only  dur¬ 
ing  the  final  minutep  prior  to  ignition.  This  indicatop  that  the 
holdback  is  neoeeeary  not  only  for  accelerating  the  reaction  by 
pelf-heating  but  also  for  the  accumulation  of  reaction  prodnetp 
which  accelerate  its  progrepp. 

?.  EXPERIMENTAL  DETKRJIINATION  OF  IfJNITTON  TEMPERA TTTRE .  The 
ignition  temperature  of  an  explosive  ran  bo  practically  defined 
ap  the  lowest  temperature  to  which  it  is  necespary  to  heat  the 
flxplopive  so  that  a  chemical  tranpformation  could  occur  with  a 
ppHed  that  1b  pufflclent  to  obtain  a  pound  effect  and  flameB. 

The  ignition  temperature  ip  not  atrlctly  constant  for  every 
Hubstance,  but  depends  on  a  number  of  caiipep,  first  of  all  on 
the  conditions  determining  the  relationship  between  heat  Intake 
and  heat  output. 
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Thn  ienition  tempftrature  Ib  dotftrminod  under  strictly  de¬ 
fined  conditions  so  that  comparable  findings  could  bo  obtained.’ 

An  easily-melted  metallic  alloy  is  melted  in  a  special  iron 
tank  (Figure  []) .  After  attaining  a  given  temperature  which  Is 
close  to  the  expectant  ignition  temperature,  a  glass  or  metallic 
tost  tube  containing  a  weighed  portion  of  0.1  g  (or  O.05  g)  of  the 
tested  oxploslvd  is  placed  In  the  tank.  The  length  of  time  it 
takes  to  tho  moment  of  Ignition  at  that  temperature  is  recorded. 
Ilepeatod  heats  determine  the  minimum  temperature  below  which  ig¬ 
nition  is  not  observed  after  a  5  minute  exposure.  The  accuracy 
la  up  to  5°. 

The  Ignition  teiaperature  for  the  more  important  explosives 
is  shown  In  Table 


•’Ig.  3.  -  hnvlco  for  detorminlng  icrnltlon  tomperntnre. 

1.  Xotal  tank  with  electric  heater 
?.  Test  tube  with  weighed  portion 
3,  Thormomoter 


■  49  " 


3t  Mechpnlcal  Impulpo.  The  action  of  a  mechanical  impulao 
is  explained  by  the  oonverelon  of  the  kinetic  onerer  of  fiiiock 
(friction)  Into  heat.  However,  thla  dona  not  produce  uniform 
heatinp;  In  the  entire  mnaa  of  the  explosive,  and  minute  local 
hot-spots  originate,  wherein  the  temperature  Is  raised  to  several 
hundred  degrees.  An  explosive  transformation  originates  in  these 
hot-spots,  which  In  a  very  short  period  proceeds  in  the  form  of 
combustion,  but  which  quickly  hastens  to  explosion. 

In  the  opinion  of  the  English  scientist,  F.  P.  Rowden,  end 
ills  school  of  thought,  the  hot  spots  can  consist  of  the  most  rain- 
ute  air  pockets  which  ere  contained  in  the  explosive  (among  its 
crystals).  During,  shock,  these  air  pockets  quickly  compress  and 
the  gas  contained  in  them  heats  up  to  a  high  temperature.  The 
heated  air  pockets  then  ignite  the  circumambient  layer  of  the 
explosive.  The  hot  spots  can  also,  according  to  Bowden,  ori¬ 
ginate  through  friction  on  surfaces  which  contain  explosive 
between  them,  on  the  particles  of  extraneous  admixtures  which 
contain  explosive  in  it,  and  through  friction  on  the  crystals  of 
the  explosive  Itself.  Also,  according  to  the  data  of  N.  . 
Kliolevo,  hot  spot  is  possible  as  the  result  of  the  explosive's 
viscous  flow,  originating  in  shock. 

The  Issue  of  the  mechanical  origination  of  heat-up  by  vari¬ 
ous  mechanical  means  has  not  as  yet  been  fully  explained.  It 
has  been  eatabllehed,  however,  that  a  fundamental  role  Is  played 
by  not  only  the  stresses  originating  in  the  explosive,  but  also 
by  the  transformation  of  the  substance  wherein  the  mechanical 
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TABLE  V 

Tirnitlon  T.>mT*0r«t'.irft  of  ExpIoBlves 


Explosive 

Pulminr.te  of  mercury 

175-180 

Lead  azide 

340 

Lead  styphnate 

275 

Pyroxylin 

195 

Nitroglycerine 

200 

PF.TN 

215 

Cyclonite 

230 

Explosive 

1 

Ignition 
temperature 
'  in'C 

Tetryl 

195.200 

Picric  acid 

290.300 

TNT 

290-295 

Ammonites 

220-240 

Smokeless  powders 

lSO-200 

1  Black  powders 

200-310 

5! 


energy  is  converter!  Into  thermal  energy. 

There  are  many  varieties  of  mechanical  Inipulses.  Of  these, 
shock,  bullet  shock,  friction,  and  pricking  have  the  greatest 
practical  significance  (for  Initiating  explosives). 

The  sensitivity  of  an  explosive  to  shock  is  rletermlncrl  by 
testing  on  an  Impact  teeter. 

The  testing  of  secondary  explosives  is  carried  out  on  an 
impact-tosti ng  machine  (Figure  4),  svhicl)  consists  of  two  guides 
fastened  vertically.  A  steel  weight  of  ?,  5,  or  10  grams  slides 
freely  between  those  two  guides.  The  top  part  of  tlio  weight  lias 
u  head  whicli  is  held  hotwoen  the  release  lugs  of  tire  spring 
breaker.  Tire  breaker  can  be  set  at  any  desired  height,  wlilcb 
can  be  meaaurod  by  the  scale.  The  base  of  the  machine,  which  is 
made  of  solid  steel,  is  placed  on  a  solid  foundation.  A  punch 
device  is  se-.  on  the  base  (Figure  5)  in  which  steel  rollers  (for 
bearings)  serve  as  the  anvil  and  hammer  head.  The  diameter  of 
these  rollers  is  10  ram.  A  0.05  gram  weighed  portion  of  the 
tested  explosive  is  spread  out  evenly  between  the  surfaces  of 
the  anvil  and  hammer  head  of  the  roller  device. 

Results  of  the  determination  of  sensitivity  can  he  expressed 
in  three  ways? 

1.  Carry  out  a  specific  number  of  tests  at  a  constant 
height  of  fall  and  weight,  and  then  determine  the  percentage 
of  explosions  (the  ratio  of  the  number  of  tests  which  terminated 
in  explosion  to  the  number  of  all  the  tests  which  were  carried 
out).  Ordinarily,  a  weight  of  10  kg,  height  of  fall  of  25  cm. 
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ft,  4.  -  Iirpoct- toptl ii;r  iiinrlilno  for  toptinfr  seconripry  explopivoPi 

1.  Guiilep  2,  Weight  3*  Spring  brorkor 

4.  Soelfj  5*  device  for  lifting  weight 

6.  Cord  with  grip  for  tripping  the  hreekor  reloepe  luge 

7.  Concrote  hopo  0.  Steel  envil 

9.  Punch 


Fig.  5.  -  Punch 

1.  kollor-anvil  2.  Poller  hpinner  henP 

3,  Gulfle  sleeve  4.  '^p  oh  inn’s  p.  nvil 
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TABLE  VI 


Sengitlvlty  of  liigh  explosiv«B  to  shook 


Explosive  1 

Percentage 

of 

explosions 

TNT 

4-8 

Amatols 

20-30 

Picric  acid 

24-32 

Tetiyl 

60-60 

Cyclonite 

70-80 

PETN 

100 

Smokeless  powder 

70-81) 

TABLE  VII 

Sensitivity  of  Initiating  explosive  to  shock 


Explosive 

Limits  in  cm 

upper 

lower 

Fulminate  of 
mercury 

0,69 

5.5 

8.5 

Tetrazene 

0.69 

7.0 

12,5 

Lead  azide 

0,98 

7.0 

23,0 

Lead  styphnate 

1,43 

14,0 

25,0 
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in  Table  VI. 


P.  lletormine  the  minimum  heiel-t  of  fnll  of  a  P  ks  wnicbt 
which  cBuaeR  even  one  explosion  from  a  set  number  of  tests.  This 
criterion  of  sensitivity  h.ns  been  establlshen  for  commericel  ex- 

ploFi  ves  .* 

3.  Cbatacteriviut  the  sensitivity  of  inltiatinp  explosives 
by  the  upper  end  lower  limits  of  sensitivity,  to  wit- 

«.  by  the  maximum  heivht  of  fall  of  the  weieht  at  which 

not  even  one  explosion  occurs  from  a  set  .umber  of  tests  (lower 
limit) ; 

b.  Ijy  tbe  mininuim  bf!ie:bt  of*  fnll  of  tbo  pnmo  weieM  ‘-t 
which  100‘fi  of  explopionp  nr'»  ohtnincfi  (upper  limit). 

The  upper  lirait  servep  .p  cor.Mtlonnl  mcnnure  of  the  nenni- 
tivlty  (reliahility  of  the  e<T-ct)  of  the  inltintin^  exploni^^^ 

MPrl  the  ohnect  contninincr  it.  -h^  lower  limit  nerven  bp  p  men- 
pure  of  pafety  in  the  hnurnioc  oT  initiating  explonive  or  ohjoctF 

containing  it. 

The  repultP  of  the  tepif-  which  wore  cnrrlefl  out  by  this 
method  are  phown  in  Table  VII. 

Initiatins  explosivcp  car.  he  tented  on  a  lever-type  impactintr 
tepting  machine  (Fisure  ^i)  which  connistP  of  a  plate  with  a  pteel 
anvil,  inoBsnrlnc  arc  with  grailuations,  soil  a  welght-carryina 
lover  which  rotates  about  a  hinee.  The  weight  can  he  held  at  a 
set  height  by  meanp  of  a  hold-down  acrew. 

Best  Available  Copy 
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rifr.  6.  -  IinnPCt  '.frchinn  for  tfiptinjr  InltlPtliie  pu'bRtPncnp 

1.  plpto  ?.  Rtftel  piivll  '3.  Monpurlnp  pro 

U.  ’Vftlffht  5*  TTinfto  6.  Lever 

7.  Lever  hold-flown  botow 


FIr.  7.  -  Device  for  rtotermlninfi:  RonBltivlty  to  friction 

1.  Tlehtenlnp:  pcrew  ?.  Steel  roller  3*  evnlosive 

4.  Slirllnc  plate  5.  Penflnlum  Rtrllfer. 
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A  0,02  gram  weighed  portion  of  explosive  is  pressed  Into 
the  cap  of  a  fuse  assembly,  covered  with  lead  foil,  and  then 
placed  on  the  anvil.  A  hammer  head  is  set  on  top  of  the  cap 
which  strikes  the  cap  when  a  weight  from  0,5  to  l.R  kg  drops 
on  it. 

A  study  of  the  sensitivity  of  explosives  to  shock  led  to 
the  conclusion  that  explosions  and  failures  are  distributed 
statistically  in  accordance  with  the  low  of  random  errors,  and, 
just  as  in  the  case  of  the  upper  and  lower  limits,  any  point 
on  the  sensitivity  curvf  (see  Figure  3'-+  and  its  description  on 
page  119)  are  the  result  of  statistical  scattering  of  the  experi¬ 
mental  data. 

If  it  would  bo  possible  to  observe  e  full  Identiclty  of  all 
teat  conditions  -  full  similarity  of  all  tests  and  nature  of 
shook  -  during  the  carrying-out  of  the  tests*  then  wo  could  ob¬ 
tain  a  certain  critical  height  of  fall  for  the  weight  below  which 
no  explosions  would  observe,  while  the  tuimbor  of  explosions  above 
this  height  would  be  equal  to  lOO'^-. 

In  reality,  however,  the  tests  differ  from  the  ideal  by  form, 
dimensions,  uniformity,  etc,,  owing  to  which  every  test  has  its 
corresponding  critical  height  which  differs  from  the  ideal  in  oi c 
direction  or  the  other.  ITils  means  that  should  one  part  of  the 
test  samples  explode  when  a  weight  is  dropped  on  them  from  the 
critical  height,  while  the  other  part  should  end  in  failure. 

If  we  are  to  consider  that  the  causes  leading  to  explosion 
or  failure  are  equiprobable,  the,  where  there  are  a  sufficiently 
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large  number  of  impacts  from  the  critical  height  of  fall,  there 
should  be  an  equal  number  of  explosions  and  failures,  i.e.  by 
50‘^9  of  the  overall  number  of  tests.  Consequently,  under  test 
condltionj^,  the  critical  fall  height  of  the  weight  corresponds 
to  a  50'^  probability  of  explosion. 

V/lien  the  fall  height  of  the  weight  is  changed  to  some  other 
vnltie,  the  number  of  explosions  or  failures  changes  correspond¬ 
ingly  in  accordance  with  the  law  of  probability. 

The  sensitivity  to  a  bullet  shock  is  determined  by  a  shot 
from  a  rifle  Into  an  object  filled  with  the  tested  substance 
(such  as  a  baud  grenade  or  aircraft  bomb). 

The  sensitivity  of  an  explosive  to  friction  is  determined 
in  various  ways.  The  most  prevalent  method  is  the  one  based  on 
grinding  the  explosive  between  two  blocks.  The  block  rotates 
about  a  vertical  axis  at  a  rate  of  20  to  I50  turns  per  minute. 
This  method  is  characterized  quantitatively  by  the  weight  of  the 
load  which  presses  the  blocks  to  each  other  and  which  produces 
an  explosion  in  the  sample  of  explosive,  and  by  the  time  elapsed 
from  the  beginning  of  the  test  to  the  moment  of  explosion. 

Another  device  for  this  same  determination,  which  was  used 
by  Bowden,  Is  shown  in  Figure  7.  Hero,  a  thin  layer  of  explos¬ 
ive,  compared  with  a  set  force  between  the  roller  and  plate,  Is 
subjected  to  a  quick  fhift  when  the  plate  slides  after  it  has 
been  hit  by  the  weight-pendulum,  dropping  from  a  predetermined 
height. 


-  5^- 


Seneitivlty  to  prinkitig  of  initlntlne  flxploslres  is  of 
ftroat  iraportoncrt  for  oopi)od  objftctp.  Tbo  rawthois  for  int^rniin- 
Ine:  the  sensitivity  to  prlclciiifr  ore  depcribed  In  (Chapter  IV. 

'4.  Sensitivity  to  the  Detonation  of  Anothar  luxplosive. 

The  sensitivity  of  a  secondary  explosive  to  detonation  can  be 
characterized  by  a  \voip:bt  of  minimum  charge  of  initiating  ex¬ 
plosive  which  assures  a  sustained  detonation  of  the  tested  sub¬ 
stance  under  sot  conditions.  Such  a  charge  is  called  the  limit¬ 
ing  charge  initiating  exnloRive  with  respect  to  a  specific 
explosive  (see  Table  VI 11 ) . 


TABLE  VI I I 

Sensitivity  to  detourtlon  of  three  high  explosives  which  wm-e 
pressed  into  the  copper  ;jnrket  of  a  blasting  cap  at  Iflenticrl 
pressures. 


Explosive 

Limiting  t 

iharjje  in  g 

Fulminate’ 

of 

mercury 

Lead 

azide 

Teuyl 

i 

0.29 

0,025 

Picric  acid 

0,30 

0,025 

TNT 

0,36 

0,09 
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The  amoiKit  of  limiting  charge  depends  on  the  test  conditiones 
material »  dimenBions  and  the  shape  of  the  jacket  into  which  the 
initiating  explosive  has  hoon  pressed  Inj  on  the  density  of  both 
charges  -  initiating  and  secondary  explosives;  on  the  quantity  of 
crystals  of  both  explosives,  and  on  some  other  conditions. 

The  charge  of  initiating  explosive  which  servos  for  exciting 
the  detonation  of  the  high  explosive  is  called  the  initiator,  and 
the  object  consisting  of  the  jacket  with  the  charge  of  initiating 
explosive  pressed  into  it  is  called  a  blasting  can.  Borne  explos¬ 
ive  charges  (for  example  cast  TNT)  cannot  be  detonated  by  a  blast¬ 
ing  cap.  In  order  to  explode  such  explosives,  a  blasting  cap  in 
conjunction  with  a  booster  charge  of  secondary  explosive  (such  as 
tetryl)  is  used.  This  booster  charge  is  called  intermediate 
detonator  or  simply  .gfttftflfttfll* 

5,  Detonation  by  Inflpence.  In  the  detonation  of  an  explos¬ 
ive  charge,  the  second  charge  can  ho  detonated  not  only  by  its 
being  hutted  up  against  the  other,  but  also  when  it  is  placed  at 
a  certain  distance  from  it.  Such  a  transmittal  of  detonation  is 
called  the  active  charge,  and  the  second  charge,  which  is  pieced 
away  from  the  first,  is  called  the  casBlve  charge .  The  spacing 
distance  through  which  the  detonation  is  transmitted  depends  on 
11  number  of  factors,  of  which  we  shall  metition  the  chief  ones: 

a.  Brleanoe,  quantity,  distribution,  end  shape  of  the 
active  charge.  PETN  and  cyclonlte  transmit  a  detonation  farthnr 
than  the  less-brisant  TNT  or  picric  acid;  a  tightly  compressed 
explosive  transmits  a  detonation  farther  than  the  same  explosive 
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which  is  not  bf  deiiFfl;  the  effect  If  Rrentor  in  the  direction  of 
the  propngatlon  of  the  detonation  than  in  the  opposite  or  side 
directions  (see  pofros  ;  the  distanoe  of  detonation  trans- 

mlssion  grows  with  nn  increape  In  the  weight  of  the  actlvn  chnrp' 

1).  Sensitivity  to  detonation  and  density  of  the  nosslvo 
chargi).  SubstHtices  which  ore  more  sensitive  to  detonation  dn- 
teriorr.te  at  a  grentor  distance  from  the  active  charge  Minn  Tfss 
sensltivo  ones  do.  Jt.icauso  f.he  sensitivity  to  detonn  tl  oi'.  as  ri 
rule  decreases  'vltli  an  iiKTOitse  in  density,  then  tho  transi;ii  I  ti  m 
distanco  of  deioiiation  hy  inrinence  also  is  reduced  witii  an  incr. 
in  density  of  the  passive  charge.  In  general,  all  factors  which 
alter  the  sensitivity  of  a  passive  charge  to  detonation  also  i  i  ■ 
the  transmitting  distance  of  detonation  by  influence. 

c.  Ordinary  ,1noket.  The  transmitting  distance  is  In¬ 
creased  by  encasing  the  charges  in  some  kind  of  jacket,  ns  for 
instance,  a  tube. 

d.  Nature  of  tlie  medium  separating  the  charges.  Petoiio- 
tion  can  be  transmitted  best  of  oil  through  air,  worse  through 
water,  worpe  yet  tlirougVi  clays,  and  worst  of  all  through  steel 
and  powdery  modin  such  as  loose  soil,  sand,  etc. 

6 .  Traiiamispion  of  hetonatlon  .from  Cartridge  to  Onrtildgo . 
Explosives  In  the  form  of  cartridges  which  compose  a  chnrgo  nrn 
used  in  many  kinds  of  blasting  operations.® 

It  is  obvious  that,  during  the  propagation  of  n  detonation 
by  the  charge,  every  preceding  cartridge  can  be  considered  as  a 


dotonotor  wltVi  rospect  to  the  BUbsoqnont  cartrlfleo.  Tn  order 
to  ORBure  8  (Ifttonation  of  the  complets  charge,  a  sufficient  in- 
itiatiiig  capability  of  the  detonator  and  e  sufficient  sensiti¬ 
vity  to  detonation  of  the  succeeding  cartridge  are  requielte. 

In  the  ease  where  the  quality  of  the  explosives  is  lowered  (this 
primarily  refers  to  explosive  mixtures)  and  wbera  certridgep  are 
made  out  of  this  explosive,  a  detonation  of  the  complete  charge 
may  not  take  place. 

^Vlien  testing  the  reliability  of  a  transmission  of  detona¬ 
tion  from  cartridge  to  cartridge,  the  maximum  distance  between 
two  cartridges  where  a  transml sslon  of  detonation  still  takes 
i)lace  la  determined. 

?•  !i:h.a_Mf.fe.Qt  of.  Various  kinds  of  Initial  Ininulee  on  an 
,£xpLQal,y.a«  simplo  Initial  luiPUlBe.  The  described  forms  of  Inl- 
tlel  Impulse,  vvltb  tbe  exception  of  the  energy  of  the  secondary 
explosive,  are  called  slmole  Initial  impulses.  Those  Include  a 
flame,  spark,  blow,  friction,  pricking,  etc. 

In  many  cases,  the  absence  of  equivalence  between  various 
forms  of  the  initial  Impulse  can  be  observed,  for  instance, 
black  powder  is  more  sensitive  to  flame  than  are  aromatic  nitro¬ 
compounds,  but  It  is  loss  sensitive  to  a  blow;  lead  azide  is 
more  sensitive  to  mechanical  action  than  is  trlnltrorosorcinate , 
but  less  stable  to  thermal  effect. 
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4.  FACTORS  INFLUENCING  THE  SENSITIVITY  OF  EXPLOSIVES 
1.  Physical  Stractura  and  Density  of  the  Charge.  As  a 


ftonoral  rule,  when  the  oompresslro  pressure  of  a  powder-type 
explosive  is  Inoreased  with  a  corresponding  increase  In  its 
density,  the  sensitivity  to  shock  and  detonation  decreases. 

The  sensitivity  to  detonation  of  a  cast  explosive  is  much  smaller 
than  that  of  the  same  explosive  which  has  boon  compressed.  These 
relationships  can  bo  soon  in  Table  IX. 

The  influence  of  the  physical  structure  on  the  sensitivity 
to  detonation  can  bo  clearly  seen  in  the  case  of  pyroxylin  and 
explosive  mixtures  with  solid  oxidizers. 

Compressed  pyroxylin  can  be  readily  detonated  by  a  blasting 
cap;  but  a  compact  charge  of  gelatinized  pyroxylin  is  only  slightly 
sensitive  to  detonation.  It  is  also  equally  difficult  to  deton¬ 
ate  a  charge  consisting  of  thick  powder  elements  -  webs,  tubes, 
etc;  a  charge  consisting  of  the  same  powder  but  which  has  been 
thoroughly  pulverized  can  be  readily  detonated  by  a  blasting  cap. 

Ifhen  the  density  of  ammonium  nitrate  explosives  is  increased, 
their  sensitivity  to  detonation  decreases;  beginning  with  some 
value  for  the  density  of  the  charge,  the  sensitivity  decreases 
to  such  an  extent  that  detonation  can  be  produced  only  by  a 
powerful  detonator. 

A  change  in  the  density  of  certain  initiating  explosives, 
particularly  in  fulminate  of  mercury,  produces  an  unusual  effect. 

.  it  >■ 

‘.I'hen  the  d-enslty  increases,  its  sensitivity  to  flame  increases, 
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TABLE  IX 

Influence  of  physical  structure  of  oharpre  on  sensitivity  to  detona¬ 
tion. 


TNT  1 

1  Picric  acid 

Compression 
pressure  o 
m  kg/cni'^ 

Density. 
In  s/car 

Limiting 
charge  or 
fulminate  of 
mercury  in  g 

Compiesslon 

pressure 

In  kg/cm* 

Density  o 
in  g/cm 

Limiting 
charge  of 
fulminate  of 
mercury  in  g 

soo 

3000 

Cost 

1.52- 1,54 

1.53- 1,60 
1,5-1,54 

2 

a 

iBCOWidete 

explosion 
with  3  g  of 
fulminate 
of  mercury 

1500 

2900 

Cost 

1,68 

1,68 

1,58-1,60 

0,4 

0,68 

3 
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attaining  a  maximum  at  a  density  corresponding  to  a  compression 
pressure  of  250-300  kg/om® .  With  a  further  increase  in  density, 
the  sensitivity  gradually  decreases,  and  the  fulminate  of  mer¬ 
cury,  which  has  been  compressed  under  a  pressure  of  about  30OO 
kg/cm®,  will  burn  when  ignited,  but  will  not  detonate. 

The  sensitivity  of  fulminate  of  mercury  to  pricking  changes 
analogously,  but  the  optimum  density  corresponding  to  the  great¬ 
est  sensitivity  to  pricking  is  observed  at  a  compression  pr'^ss- 
ure  of  700-750  kg/cms,  and  the  complete  loss  of  sensitivi!y  .it 
a  compression  pressure  of  about  2000  kg/ cm®.  Increasing  the  coi,- 
prosslon  pressure  from  750  to  2000  kg/om®  and  above  reduces  al;o  + 
sensitivity  of  fulminate  of  mercury  to  other  kinds  of  mechanics' 1 
effects,  as,  for  example,  to  shock. 

At  the  same  time,  an  increase  in  density  bag  no  effect  0 
the  sensitivity  of  fulminate  of  mercury  to  detonation.  Fulmlrif  +n 
of  mercury  which  has  been  compressed  under  a  pressure  of  3000 
kg/cm®  and  above  infallibly  detonates  by  initiating  it  with,  as 
an  example,  a  small  charge  of  the  same  explosive  but  with  a  lesssr 
density. 

The  data  which  we  have  at  present  does  not  permit  ns  to 
establish  one  quantitative  characteristic  of  the  influence  of  a 
substance’s  structure  and  density  on  the  sensitivity  which  would 
be  applicable  to  all  explosives.  As  a  more  or  less  ovnral  qunl’ 
tative  relationship,  it  is  possible  to  point  out  that  an  Increasr. 
in  the  density  and  a  conversion  from  a.  porous  to  compact  struc¬ 
ture  decrease  the  sensitivity  of  an  explosion,  even  though  it  in 
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not  in  an  identical  def^ree  for  various  kinds  of  initial  impulse. 

The  followltift  can  be  pointed  out  as  the  probable  causes  of 
this  phenomenon: 

a.  with  an  Incroese  in  density,  one  and  the  same  amount  of 
energy  of  the  initial  Impulse  is  distributed  on  a  larger  mass  of 
the  substance;  a  loss  probable  cause  is  the  high  concentration  of 
energy  in  specific  points; 

b.  with  an  Increase  in  density  and  transition  to  a  compact 
structure,  the  possibility  of  a  relative  displacement  of  the 
crystals  decreases,  and,  consequently,  the  origination  of  local- 
igod  hot  spots  which  lead  to  ignition  and  explosion,  is  also  de¬ 
creased  . 

c.  with  a  change  In  density,  the  quantity  and  size  of  the 
air  pockets  is  changed,  which  has  an  effect  on  the  sensitivity; 

d.  an  increase  in  density  and  elimination  of  the  air  pockets 
hinder  the  infiltration  Of  combustion  products  among  the  particles 
of  explosives,  which  produces  an  effect  on  the  transition  of  com¬ 
bustion  into  detonation  (see  page  63) »  and  it  hinders  the  propa¬ 
gation  of  the  detonation  through  the  "explosive  combustion" 
mechanism  (see  page  73)* 

2,  Shane,  and  Size  of  the  Crystals.  A  remarkable  difference 
in  the  sensitivity  of  various  crystallographic  modifications  has 
been  established  for  certain  explosives  such  as  lead  azide,  ful¬ 
minate  of  mercury,  and  nitroglycerine.  Thus,  the  stable  form  of 
nitroglycerine  (rhomboid)  is  more  sensitive  than  the  unstable 
(trlcllnlc)  form. 
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Lead  azirte  can  ba  obtalnad  in  two  forma  -  abort  aclculnr 
and  naedle.  Ordinary  l«ad  azida  la  tba  abort  aclcnlar  form. 

It  la  l«pp  Ptable  to  a  blow  and  otbnr  forma  of  exterior  inflnnncep 
than  the  needle  cryatala.  The  formation  of  thick  cryatnla  or  the 
needle  form  la  aometlmea  accompanied  by  a  ppontaneoua  exploaion. 

In  the  majority  of  cxplosivea,  the  aenai  ti  vi  fy  to  niRchaiiical 
effort  Increapea  with  an  increapo  in  the  plze  of  the  orystalp. 

3.  Temperature .  The  number  of  activated  molecules  is  in- 
creaped  with  an  increapo  in  temperature.  The  amount  of  en.  rsiy 
which  Ip  needed  to  induce  exploplvo  traiipformation  ip  decieaFfM! 
accordingly.  Therefore,  an  increapo  in  the  temperature  f  <  n  x ■ 
plopive  increapep  ilp  penpltivity. 

Nitroglycerin  will  explode  under  certain  conditions  if  i.ho 
work  of  the  blow  consiptp  of  0.2  kg/cra®  at  a  tempera  turn  of  If'  , 
at  0.1  kg/cm»  at  and  at  182°,  it  explodep  from  any  pljpht 

jar.  Celluloid  Ip  Itipenpltlve  at  ordinary  temperature,  bin  't 
can  be  exploded  by  a  blow  at  l6O-lR0*^. 

4.  Admixtures .  Admlxtnrep  have  an  effect  on  the  pp  sifiiliy 
of  an  exploplve  to  mecTinnlcal  effort.  Pnrticlep  with  a  M  trh  1  "  - 
ing  point  and  whope  hardnepR  is  greater  than  the  hardness  of  ' 
explosive  (^’or  inptance,  sand,  glaps,  raetalllo  powderp)  incr^'  s 
the  penpltivity  to  mechanical  effort.  Thus,  dlnltronaphtn I 
without  an  admixture  of  Band  will  not  explode  on  an  impact  testli 
machine  when  a  2  kg  weight  drops  on  it  from  a  height  of  2  m;  wi ‘f 
u  10^  admixture  of  pand,  partial,  explosions  are  already  pruducp'^ 
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from  a  drop  height  of  70  cm.  The  eoneltlvlty  of  TNT  to  shock 
Is  greatly  Increased  with  only  insignificant  admistures  of  sand 
(Table  X).  The  cause  of  this  increase  of  sensitivity  in  these 
cases  is  the  localized  concentration  of  shock  energy  on  the 
sharp  edges  of  the  hard  particles  of  admixture. 


TABLE  X 

Effect  of  an  admixture  of  sand  on  the  sensitivity  of  TNT  to 

shock 


Sand  content  In  1 

Percentage  of  explo¬ 
sions  obtained  wl±  a 

TNT  In  % 

10  kg  weight  and  drop 
height  of  26  cm  , 

0,01-0,05 

6 

0,1  -0,15 

20 

0,2  -0,25 

29 

According  to  Bowden's  datai  the  melting  temperature  of  the 
admixture's  particles  plays  an  essential  role  in  conjunction  with 
the  hardness.  The  admixture  increases  the  sensitivity  only  in 
that  case  whore  Its  melting  temperature  is  higher  than  some  cer¬ 
tain  minimum  (400-500°).  Admixtures  of  easily-melted  substances 
which  cover  the  explosive's  crystals  with  a  thin  film  act  in  a 
different  manner.  A  part  of  the  heat  produced  by  the  hot  spots, 
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which  origlnfite  during  tnechanical  action  on  thn  oxplopivn,  ip 
expended  in  the  heating  and  melting  of  theae  admlxturoa;  there¬ 
fore,  when  Ruoh  an  admixture  Ip  prepent,  the  work  performed  by 
a  blow,  which  is  necepsary  to  Induce  exploaion,  Ip  greater  than 
in  the  cepe  where  the  admixture  ip  absent. 

Substances  which  in  relatively  small  quantities  greatly  re¬ 
duce  the  sensitivity  of  an  explosive  are  called  phlegmatl zers . 
Conversely,  substances  which  Increase  this  sensitivity  are  called 
aaiiat.tl.aQr.R. 

5.  Chemical  Factors.  In  conjunction  with  the  above-described 
physical  factors,  the  chemical  structure  of  an  explosive  also  hf p 
an  effect  on  the  sensitivity  of  an  explosive.  The  sensitivity  of 
nitrate  esters,  alcohols  and  hydrocarbons  increases  with  an  in¬ 
crease  in  the  number  of  nitrate  groups  into  a  molecule  of  an  epinr. 

In  the  case  of  a  nitrocompound,  the  sensitivity  to  mecbanif-nl 
action  and  detonation  is  the  greater  when  the  quantity  of  niirc 
groups  in  the  molecule  is  greater.  For  instance,  inononltro]jhf“uol 
will  not  be  exploded  by  a  two-gram  blasting  cap,  while  only  0.3 
g  of  fxilminate  of  mercury  is  sufficient  to  detonate  trinl  tropbenol . 

•  «  sensitivity  to  p\;-(''b8nl cal  or  thermal  Initial  Impulses  is  in- 
eased  in  the  same  way. 
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C3IIA.PTER  III 


STABILITY  OP  EXPLOSIVES 
AND  IfETIIOD  OF  ITS  DETEHJdNATION 

1.  CHANGES  IN  EXPLOSIVES  DURING  STORAGE 

We  Bhell  examine  through  several  examples  the  phenomena  which 
take  place  In  explosives  during  their  storage. 

Purified  TNT,  Neither  the  physical aoi^^^Shemioal  properties 
of  TNT  change  in  a  multiyear  storage  under  normal  conditions. 
After  many  years  of  storage,  a  shell  filled  with  this  TNT  is  suit 
able  for  firing,  and  there  Is  no  doubt  that  it  can  be  further 
safely  stored.  TNT  is  physically  and  chemically  stable. 

Tlnpurified  TNT.  Raw  TNT^°  conducts  itself  differently  in  ator 
age  than  does  purified  TNT*  In  the  summer  time  (temperatures  of 
35®  and  above),  a  shell  which  has  been  filled  with  this  trotyl 
exudes  a  liquid,  the  so-called  trotyl  oil.  In  addition  to  this, 
a  certain  aeration  of  the  charge  occurs,  but  no  chemical  trans¬ 
formations  in  the  TNT  are  to  be  observed. 

Unpurlfled  TNT  is  a  substance  which  is  physically  unstable, 
but  stable  chemically. 

Amatol  80/20  humidified  when  stored  owing  to  the  hygrosoopy 
of  ammonium  nitrate.  As  a  result  of  the  repetitive  processes  of 
humidification  end  drying  which  take  place  during  its  storage, 
amatol  hardens  (cakes).  Voder  suitable  conditions,  the  volume 
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and  phap«  of  the  charpo  can  nhange,  but  no  nhemlcal  tranpforma- 
tlonp,  which  could  lead  to  solf-lpnltlon  and  exploplon,  talce 
place. 

Consequently,  amatol  ip  physically  iinptahle,  but  chemically 
stable . 

Blastinc  gelatin  ( tii  troglycorl  ne  gelatlnizeri  by  a  small  quan¬ 
tity  of  nitrocellulose)  can  undergo  various  changes  during  storage. 
A  dlpcharge  (exudation)  of  nitroglycerine  is  possible.  The  physi¬ 
cal  structure  of  the  gelatin  changes  with  time;  it  becomes  trans¬ 
parent  and  more  elastic,  besides  this,  blasting  gelatin  undergoes 
chemical  changes  which  can,  under  unfavorable  conditions,  load  to 
spontaneous  combustion  and  explosion. 

Blasting  gelatin  is  not  only  physically,  but  also  chemically 
unstable . 

Pyroxyllne  powder  also  undergoes  a  number  of  changes  du’.  ing 
storage;  it  loses  the  volatile  solvent  contained  in  it,  and  this 
effects  a  change  in  the  powder’s  structure.  Besidep  this,  cbemi- 
cal  transformations  occur  in  the  powders  just  as  in  the  hi,  sttrg 
gelatin.  The  onsettlng  decomposition  can  lead  to  spontaneous 
combustion  of  the  powder. 

Consequently,  the  powder  is  physically  and  chemically  un¬ 
stable  . 

2.  PHYSICAL  AND  CHEMICAL  STABILITY  OF  EXPLOSIVES 

The  above-mentioned  examples  make  it  possible  to  establish 
two  kinds  of  stability  -  physical  and  chemical. 
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PhvBinal  Btablllty  is  the  cnpability  of  an  explosive  to  pre¬ 
serve  its  physical  properties  under  practical  conditions  of  their 
storage.  A  change  in  those  properties  can  occur  either  as  the  re¬ 
sult  of  strictly  physical  processes  (evaporation  or  absorption  of 
dampness,  etc.)  or  of  physico-chemical  processes  ( reorystalliza- 
tiou,  exudation,  etc.). 

Chemical  stabi 1 Itv  is  the  capability  of  an  explosive  not  to 
undergo  any  chemical  transformation  which  could  lead  to  spontane¬ 
ous  combustion  tinder  normal  storaee  conditions. 

3.  FACTOPS  DETKPMI''I\rT  THE  CTTFMI- 
CAL  STABILITY  OF  EXPLOSIVES 

The  basic  factors  determining  the  clieraloal  stability  of  ex¬ 
plosives  are  chemical  structure,  the  presence  of  an  admixture, 
and  storage  conditions. 

1.  Chemical  Structure.  The  least  stable  of  commercially- 
used  explosives  are  the  nitrate  esters  In  which  the  NO  group  is 

9 

bonded  with  an  atom  of  carbon  by  the  oxygon.  The  nitrocompounds, 
in  which  the  nitro  group  Is  bonded  directly  with  a  carbon  atom, 
are  very  stable.  The  most  stable  nitrate  esters  are  much  less 
stable  than  the  nitrocompounds  which  are  used  in  industry. 

The  following  regularity  can  bo  observed  in  the  change  in 
chemical  stability  of  nitrate  esters  of  alcohols  and  hydrocarbons. 

a.  the  stability  of  complete  nitrate  esters  of  multi-atomic 
alcohols,  generally  speaking,  is  lowered  In  proportion  to  the  In- 
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creese  of  the  velonne  oT  the  elcohole.  For  instence,  tilnitroglycol 
is  more  stable  than  nl troplycerine . 

b.  slightly  nltrir  cellulose  esters  are  more  stable  chemi¬ 
cally  than  are  the  highly  nitric  ones. 

2.  Admixture  of  Catalysts  and  Stabilizers.  Various  admix¬ 
tures  can  greatly  change  the  chemical  stability  of  explosives. 

Certain  admixture s  fulfill  the  role  of  catalysts,  accelera¬ 
ting  the  decomposition  processes  of  the  explosive.  Traces  or  free 
acids  (strictly  speaking,  hydrogen  ions)  have  the  greatest  practi¬ 
cal  significance  of  this  group  of  admixtures. 

During  a  alow  decomposition  of  tho  nitric  acid  esters,  th 
nitric  oxides  N0„  and  N'  0  are  formed,  which,  in  conimu  tioi'  'viih 
flampnoss  (contained  in  the  explosive  but  also  liberated  during 
decomposition)  form  nitric  and  nitrous  acids.  The  quantity  of'  llv 
catalyst  gradually  lucroases  and  the  decomposition  is  accelerated 
accordingly. 

Other  admixtures  (diphenylamlne ,  centralite,  aniline,  nce/one, 
and  others)  readily  react  with  the  oxides  of  nitrogetj,  formino 
chemically  stable  nitroso-  and  nitrocompounds.  Thus,  one  nr  the 
most  important  Cannes  of  the  acceleration  of  an  explosive's  dr- 
composition  is  eliminated.  An  admixture  of  this  kind  of  huJ  stti'.nn 
increases  the  cliotni(;nl  stability  of  an  explosive. 

Compounds  wliich,  after  having  been  introduced  into  thrj  com¬ 
position  of  an  explosive,  increase  its  chemical  stability  with  u 
corresponding  increase  in  its  service  life,  are  called  stnbi 1 i zers . 
The  process  of  introducing  a  stabilizer  into  an  explosive  nr  one 
of  removing  an  admixture  catalyzing  the  cboraicel  decomposition, 
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Is  called  stabilization. 

3.  Storage  Conditions  of  ETPlosives.  Chemical  stability  depends 
greatly  upon  the  temperature  at  which  the  explosives  ore  stored.  In 
turn,  the  storage  temperature  depends  on  the  climate  and  special 
local  conditions  (for  instance,  storing  in  ships,  whore  the  tem¬ 
perature  can  easily  reach  40*^  with  an  absence  of  artificial  ccoling)  . 
The  higher  the  temperature,  the  more  rapidly  occur  the  decomposi¬ 
tion  processes  of  an  explosive. 

4.  EXPFPIMEXTAL  mCTEPMI NATION"  OF  CTTFMICAL  STABILITY 

The  decomposition  process  of  an  explosive  proceeds  extremely 
slowly  at  ordinary  temperatures,  and  it  is  very  difficult  to  evalu¬ 
ate  its  rate  by  either  the  qualitative  or  quantitative  method.  An 
experimental  determination  of  the  stability  is  carried  out  at  ele¬ 
vated  temperatures  when  the  decomposition  reaction  rato  is  greatly 
increased . 

The  starting  point  of  the  methods  for  determining  the  chemi¬ 
cal  stability  is  the  assiunption  that  if,  under  identloal  test  con¬ 
ditions  (elevated  temperature),  one  of  two  explosives  proved  to  he 
less  stable  than  the  other,  then  the  first  will  also  he  less  stable 
during  prolonged  storage  at  an  ordinary  temperature. 

Several  of  the  simplest  tests  which  are  used  for  determining 
the  chemical  stability  are  described  below. 

1.  A.bel  Heat  Test.  This  test  is  based  on  the  mutual  reaction 
of  oxides  of  nitrogen  and  water  with  potassium  Iodide  wherein  free 
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iodine  is  releaped.  Tliip  Iodine  combine p  with  Rtorcb  to  form  n 
colored  compound. 


Vis.  P'. 


Tost  tubn  oootf i ni nir  cxplopivo,  propprnd  for  tlm  .'bol 
topt . 

1.  fTlORP  top(  inho  ?.  stopper  with  rrlapii  r.nl 
3.  Ptorrh  i(iUdc  papor  4.  tostod  oxplopi’  ■ 


Sequence  of  tho  |.«p(.  (rfemre  B).''’  A  weighed  pori  i  m  0^ 
tested  explosive  is  plncml  into  n  test  tubo .  The  test  (uhe  is 
capped  with  a  stop!’/or.  '  claps  or  platinum  hook  ie  Ruspf  ..lr‘f  in 
the  tube  from  the  bottom  of  the  ptopper.  A  small  piece  ,  f  sir  .'ct 
iodide  paper  is  altritdied  to  the  liook.  One  half  of  tbe  papm'  is 
soaked  with  an  aqueous  polution  of  glycerine.  Tbe  tost  tube  is 
seated  in  a  water  tank  whose  temperature  is  kept  at  a  preset  lev  1 
(75®  or  some  other  preset  tomi)erature )  .  The  cbaracteri stl  c  of  th-" 


chemical  stability  is  the  time  elapsed  from  the  beginning  of  the 
tost  up  to  the  appearance  of  a  light  brown  color  on  the  paper  where 
the  soaked  and  dry  parts  meet. 

In  the  case  of  dynamite  nitroglycerine,  this  time  should  be  no 
lass  than  15  minutes,  and  for  blasting  gelatine,  this  time  should 
bo  no  loss  than  10  minutes  (at  75°). 

The  Abel  Heat  Tost  is  the  first  to  be  proposed  for  teostlng 
the  stability  of  an  explosive,  and  la  distinguished  by  its  simpli¬ 
city  and  speed  of  execution.  In  con.lunction  with  this,  this  test 
has  a  number  of  serious  defects.  The  findings  depend  upon  the 
quality  of  the  employed  starch  iodide  paper,  upon  the  volatility 
and  dampness  of  the  tested  substance,  upon  the  experience  of  the 
person  conducting  the  test,  and  other  reasons.  Therefore,  the 
Abel  Heat  Test  is  presently  considered  as  not  too  reliable,  it  is 
used  only  for  the  doteiminatlon  Of  the  chemical  stability  of  nitro¬ 
glycerine  and  dynamites. 

2.  Vieille  Test  (litmus  test).  Vieille  tests  are  used  for 
pyroxylin  and  smokeless  powders.  This  test  consists  in  determin¬ 
ing  the  time  that  it  takes  the  tested  substance,  which  is  con¬ 
tained  in  a  hermetically-seeled  cylinder  placed  in  a  thermostat^ ^ 
at  a  temperature  of  106.5^*  to  change  the  color  of  a  standard  blue 
litmus  paper  to  red.  The  change  In  color  is  caused  by  the  separa¬ 
tion  of  the  nitrogen  oxides  during  decomposition  of  the  powder 
which,  with  water,  form  nitric  and  nitrous  eclds. 

Pyroxylin  and  colloid  powder  should  produce  the  red  color  no 
earlier  than  after  a  6  hour  lapse. 
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3>  Via  n  If)  Tnat, .  The  repeatnd  tOBt  couBlHtR  of  a 

Buccesgive  number  of  experiments  by  a  simple  test  with  one  and  the 
Bame  weighed  portion  of  powder.  In  every  Instance,  the  experi¬ 
ment  Is  carried  out  to  the  appearance  of  the  red  color,  but  no 
longer  than  of  a  Heveii-hour  duration,  after  which  the  test  pomplef! 
are  stored  at  ordinary  temperature.  The  tefits  are  repeated  the 
next  day.  The  repeated  tests  extended  to  the  production  of  the 
red  color  for  1  hour  from  the  beginning  of  heating,  but  not  nny 
longer  than  10  days.  The  sum  of  the  hours  of  heating  character¬ 
ize  the  stability  of  the  powder.  Stable  powders  ])roduce  th(i  follow 
ing  results: 

pyroxylin  .  .  .  60  hours 

nt  trofflynerine  ...  ^70  hours 

The  Vieillo  tests  (single  and  repeated)  are  also  ina'upi  !  ■: 
but  they  are  nevertlic  less  much  more  reliable  than  the  /bcl  i>j-|  | 
Test.  Their  overall  Ur  fecl  is  the  use  of  an  indicator  '  lios’ 
reading  depends  on  llie  observer  (sharpness  of  vision,  ahilii;  fi- 
differentiate  intermediate  colors,  etc.). 

4.  Weight  Test.  I'ho  doterini  na  tion  of  ohomical  sfahiljty  ny 

the  weight  test  is  one  of  the  more  precise  methods.  In  ihis  li 

thod ,  weighed  portious  of  powder  or  explosive  are  kept  in  <.  11.  ju.m  ■ 
stat  at  a  tempera tur'’  .  r  and  they  are  weighed  after  e-if! 

hour  period.  The  loss  in  weight  of  the  powder  is  determined. 

This  loss  is  expressed  in  percetitage  of  tiie  original  weight.  TPr 

findings  are  shown  In  a  tiiagram  (Figure  9). 


Heating  time  In  24  hour  periods 


Fig.  9.  -  Crraphlcal  reprefientatlon  of  the  tost  results  for  stebillty 

of  two  powder  snmples,  carrlod  out  hy  the  weight  tost. 


The  tests  are  terminated  when  an  inflection  is  clearly  de¬ 
veloped  on  the  curve.  This  inflection  indicates  the  onset  of  an 
accelerated  decomposition  of  the  powder.  The  stability  is  charac¬ 
terized  by  the  time  elapsed  from  the  start  of  the  test  to  the  in¬ 
flection  of  the  curve  (points  A  and  B  on  Figure  9)*  expressed  in 
24  hour  periods. 

The  Ahel  Heat  and  Vieille  Tests  enable  one  to  detect  only  the 
initial  decomposition  phase.  The  weight  tests  show  the  progress 
of  decomposition  not  only  at  its  beginning  stage,  but  also  in  the 
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pliaPB  where  it  is  more  profoundly  clecompoBed. 


5.  Manometric  ruiI  Klectrometrlc  Testa.  Other  precise  tests 
are  in  existence.  These  tests  are  based  on  the  measurement  of 
the  COB  presBuroa  which  are  formed  during  the  decomposition  of  n 
specific  quantity  of  explosive,  and  determination  of  the  quantity 
of  iiitroeen  oxides  or  other  prlnclpes  liberated  during  the  test. 

Ip  the  first  case,  the  decomposition  rate  of  the  powder  is  ovaiu- 
ated  by  the  growth  of  gaseous  products  of  the  dissociation  in  a 
sealed  volume  of  pressure.  The  substance  is  heated  at  n  f)rop  t 
temperature  and  the  pressure  of  the  decomposition  products  is 
itietiBured  at  e((ual  intervals  of  time.  A  curve  of  the  f  i  nd  i  i'„:p 
then  plotted.  The  stability  is  characterized  by  the  time  rcqnjinn 
for  obtaining,  under  predetermined  conditions,  a  certain  pm- cri  her! 
prepsure . 

One  of  the  electrometric  tests  is  the  ITansa  test.  Fight  ter 
tubes,  each  containing  5  P  of  a  substance,  are  heated  at 
One  test  sample  is  taken  out  every  hour  and  the  pTT  is  tn.nsnred. 

The  curve  pH-tlme  characterizes  the  stability  of  the  pnuler.'*^ 

5.  TTIE  SIGMFIGAVCK  OF  CTfEMICAL  STABILITY  OF  FXPLOSIVKR 

The  problem  of  chemical  stability  is  of  particular  import.niii'n 
for  nitroglycerine  exy)losive8  and  colloid  powders.  Ir.  ism  ich  a 
the  storage  time  fur  nitroglycerine  explosives  used  in  liiiniip. 
not  longer  than  ]  year,  and  the  storage  time  of  powder  if  eni  .ii<  lid 
as  many  years  (15-20  years  and  more),  then  cheraleal  si; Lilli  i. 
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of  the  greatopt  importance  in  the  oaBo  of  colloid  powders. 

During  the  period  when  colloid  powders  were  first  started 
to  he  used,  they  were  only  slightly  stable  and  dissociated  rather 
quickly  during  storage.  Another  time,  the  dissociation  took  place 
so  violently  that  a  spontaneous  combustion  of  the  powder  took 
place.  Thus  the  slightly-stable  powders  were  not  only  unsuitable 
economy-wise,  requiring  a  frequent  renewal  of  the  combat  supplies 
on  hand,  but  also  represented  a  great  hazard.  Cases  are  known 
when  spontaneous  combustion  of  a  powder  was  accompanied  by  fatal¬ 
ities  and  sometimes  assumed  the  dimensions  of  immense  catastrophes. 

In  1907»  as  the  result  of  spontaneous  combustion  of  powder, 
an  explosion  of  the  ammunition  aboard  the  French  battleship  "Jena" 
took  place.  Another  instance  took  place  In  Franco  in  IFil,  An 
ammunition  explosion,  having  serious  consequences,  took  place 
aboard  the  French  battleship  "Libert^",  which  was  berthed  in  the 
port  of  Toulon. 

From  the  time  of  the  ahovo-described  two  catastrophes,  many 
great  improvements  in  the  production  of  colloid  powders  have  boon 
made.  Powders  containing  reliable  stabilizers,  such  as  diphenyl- 
amine  and  others,  are  used  everywhere. 

The  safe  storage  period  for  a  powder  containing  a  stabilizer 
is  more  than  20  years,  while  the  period  for  one  without  a  stabili¬ 
zer  is  around  10  years.  However,  the  service  rellahlllty  period 
of  the  powder  is  sometimes  1-1/2  to  2  times  less,  owing  to  losses 
of  ballistic  qualities. 
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CHAPTER  IV 


HEAT  ANT)  TRMPKL'A'n'I;!';  OF  EXPLOSiON,  COMPOS  I TIOX 

SPECIFIC  vcLTin-:,  and  presst'pe  of  the  pporicts 

OF  KXl'LOSTVE  TPA  XSPOR^TIOX 

1,  T)r  r  i  ni  ti  onp .  TIir  TiePt  oT  rorniRtlon  o  I*  n  r>’>R!  r  1  >  otu- 

pouru)  ip  tlint  nmou  't  of  Ri»er?ry  which  ip  rcleppcfl  or  phporT'  ' 
tlnri'C  the  formntioi'  rcoct  on  pinip’o  pnbptpncnp  O'  -o ;  ■ 
or  OCR  k'locrfun  of  piihptpncR. 

The  hont  o  T  co:nhiip1  on  .•  pnoptcncn  ip  tint  qn;  ■ 

Tteat  which  ip  nvolvcd  ii  ilio  coiiipTcfo  coinhuptioii  o^  o  ■  '  i 

(M  R  kiToerram  o'*  that  puhstnnoo  'n  oxyiren. 

The  hod  of  cxnl  op  i  tmiip nno t  i  on  or  hnat  of  nxv) 
i.8  that  quunti'fy  of  hont  which  is  cvo''vr(T  in  tho  explop'o  ■  of 
one  mole  or  one  (irein  of  an  explop’ve  of  ono  vnolo  or  oiv  r  .... 
of  an  explopivR.  All  t  ree  of  thepe  oniimera ted  vrIurp  nro  ■  : 
prepped  in  ki  local /irram-molo  or  ki  i  ocrI  ,'kfj . 

2 .  'l(*Fs'  F  law .  Tho  thermal  uffRct  of  a  chemical  ;)rOlO^ 
tloep  not  flepoin.]  on  i  tp  courpR  (  ■  ntermod  i  ate  ptagep).  la  I  o  ;:An'/ 
only  upon  the  hoi!:  inning  anrl  terminal  ptetop  of  the  pypteiu  n  nti' 

conditiopp  piicVi  tio  t  thn  trn.ppforMd  i  on  takop  place  a  ! _ 

atant  volume . 

It  ip  obyionp  t  'o  !  thip  Inw  ip  n  partial  ceae  of  t'  ■  I: 
conpnrva  tion  of  o!!i>  rt-'v  . 

Tho  thermal  effootc  of  pnch  tranpforniet  i  onp ,  where  it  ' 
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difficult  or  imposplblo  to  determine  the  thermal  effect  directly 
by  experimental  meanp,  cen  be  computed  by  ueiniz  Tleep's  Law.  For 
example,  Fesp'p  Law  makep  it  popelble  to  calculate  the  t’ erraal 
effoctp  of  complex  reactionp  tbrouE:i'  experimental  ly-dotermi  oed 
thermal  effectp  of  much  simpler  reactionp. 


3.  Paterta  iiatl  Q!i  of  the  heat  af  .  Format  ion  of  mi  EXTiIOPLvie 
Ooinoosed  of  Plmc'e  Substances  bx  ’ts  Heat  of  Combust  ion.  Ap  a' 
example,  we  pi'Cll  show  how  ti>e  heat  of  formation  of  T^T  Is  de¬ 
term  '  ned . 

The  pyptem,  composed  of  pimple  Piibstances ,  cen  go  over  into 
ti  state  which  correspondp  to  the  products  of  a  complete  combiis- 
tioi)  of  the  TNT  by  two  tneans: 


:  .  )  7  C  +  2.5  I  ,  +  i  .5  N-  +  8.25  0, 


^i.a 


^  7  CO, 


+  2.5  h  0 

a 


+  1*5 

2.)  7C  +  2.5I1  +1.5\  +  8.25  0  - » 

8  a  s 

Q 

C.Tl  Cll  (VO,)-  +  5.?5  0  - 

68  s  a  *  8 

7  CO,  +  2.5  r,0  +  1.5  V, 


(t'e  valuep  0,^,  denote  t' e  thermal  effectp  which  are  character¬ 
istic  of  the  reaction). 

AccordiiTc:  to  ITesp's  law,  we  can  write 


'1  .» 


s.n 


Q 

l-S 
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from  whom 


Qi.a  =  Qi,|  — Q»,|. 

Iho  '  p  iiofi  I,  of  ooinhu  pt.  i  0!!  (J  ip  rtetormi  norl  expor  i  me  .■  t<>  1  1  y 
by  burnine:  a  wniKliod  portion  of  tbe  pubstniice  in  a  cnlorlmotrio 
bomb  in  oxygen,  '^bo  heat  of  formBtion  of  tbe  combuption  profluotp 
Q,.ip  found  ii  tbermocbom  i  on  1  trblep.  TIiup  Q.  „  cnii  bo  ilotnrini  nod 
In  til  i  B  way. 

Coiipecpieutly ,  tlto  beat  of  formation  of  an  exolopive  oaual 
■to  the  differeiico  between  the  heat  of  formation  of  the  combuption 
pr.oduotp  ootnnpped  of  piuipio  pubptanoon  and  tbe  bent  of  rov.lin  ■ . i_i.i 
of  t- 0  nxplnpiye. 

U.  romputa  t  i  on  of  tbe  IToat  of  Kxplop'vn  Tranpfornif't  i  ■  n  i  "  nu 
Kxplopive.  n’be  reaction  of  explopive  tranpforinat  i  on  for  "  T  pro- 
ceodp  in  acoordance  w • tb  tbe  equation 

CjH.CH,  (NO,), -200 4-  l.2CO,  +  3,8C  +  0,6H,4-1.6H,O4-l,4N,4- 

+  0,2NH,4-Q,,,. 

Just  BP  in  tbe  .nrevioup  exomplo,  we  nan  write 


7C  4-  2.5H,  -b  8,250,  -b  l.SNj^’CeHjCH,  (NO,),  4-  5.250, 

1  i 

I  i 

2C0  4- 1 . 2CO„  4-  3,80  4-  0,6H,  4- 1 ,6H,0  4- 1 ,4N,  4-  0,2NH,. 


Accorillnjs:  to  Hesp'p  law 


end 

The  heat  of  tha  flYnloflivP)  trai-pformati  on  ■  r  _aQual  to  the 
dlffererce  between  tho  heat  of  formation  of  tl\e  exiplosion  nro- 
ducts  and  the  heat  of  formation  of  the  eynlORlve  itpelf. 

5-  Kxneriinental  Determination  of  the  Heat  of  Explosive 
Trangformatlon.  The  heat  of  explopivo  tre nsf ormntlon  of  explos¬ 
ives  which  are  readily  ienited  by  a  glowinsc  wire  and  which  burn 
completely  in  an  Inert  etraopphere  is  genornlly  determined  experi¬ 
mentally  in  a  device  coneipting  of  e  calorimetric  bomb  and  calori- 
1  B 

meter.  Powders,  for  Instance,  belong  to  such  substances.  Ex¬ 
perimental  methods  for  determining  the  iieat  of  exp’osion  have 
a ' so  been  proposed  for  detonating  explosives,  but  they  have  not 
been  up  to  now  used  on  a  wide  scale. 

2.  Explosion  TeapsrAtUTS 

The  explosion  temperature  Is  tl'e  maximum  temperature  which  is 
attained  by  the  products  of  the  decomposition  of  art  explosive  dur¬ 
ing  explosive  transformation, 

Jn  view  of  the  fact  that  a  direct  determination  of  the  ex¬ 
plosion  temperature  is  difficult  and  that  the  findings  are  not 
too  reliable,  this  temperature  ’s  irenerally  determined  by  calcula¬ 
tion  . 

The  basis  of  the  calculation  is  the  assumption  that  the  ex- 
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plosive  transformet  ion  is  an  adiabatic  process  takiiia:  place  wltli 
a  constant  volume  and,  consequently,  that  the  heat  which  is  evolved 
during  the  explosion  is  expended  only  in  the  heating  of  its  pro¬ 
ducts.  In  conjunction  with  the  foregoing  assumption,  the  follow¬ 
ing  formula  can  bo  upt)d  for  computation 

ii  ^  =  c ,,  t , 

where  v.yt  =  average  specific  heat  at  a  constant  volume  of  all  ox- 
plop'on  products  in  an  interval  from  n  to  i”. 
t-  =  dos  red  temperature  of  explosion; 

•It-  =  heat  of  the  explosive  tra  nsf  orma  t  i  on  at  constant, 
v() '  jiino  . 

The  specific  heat  itself  depends  upon  the  tempera  to  m’ ,  in 
rough  calculations,  this  relation  can  he  expressed  by  tbe  formnla 

c  0  =  ^  "t  ifct 

Then 

Q  y  —  ( +  bt)  t 


from  where 


—a  +  ya^+ibQ, 
2b 


The  values  of  the  noefricients  a-  and  b  for  various  garos  am 


1 i Hted  i n  Table  X  I , 


TABLE  XI 


Gases  j 

a 

cal/gram*  mole 
degree 

b-10^ 

cal/gram-mole 
degree  9 

Bivalent  gases 

4.8 

4.5 

Water  vapors 

i  4,0 

21 .5 

Carbonic  acid  gas 

!  9,0 

6.3 

Tetravalent  gases 

1  10.0 

4,5 

Mercury  vapors 

I  3.0 

1 

0.0 

The  atonic  ppeclflc  heat  of  polid  pii'bptRtioep  (pinple)  ip, 
according  to  Bulong  and  Petit,  equal  to  6.4  cal/deET.  gram-atom. 
The  ppecific  heat  of  aolld  compounda  can  he  determined  by  the 
Joule  and  Sapp  law,  accordlne  to  which  the  molar  ppeclflc  heat 
of  a  Bolld  compound  la  approximately  equal  to  the  aum  of  the 
atomic  ppeclflc  heata  of  the  elementp  which  comprise  this  com¬ 
pound.  For  instance,  the  average  molar  ppeclflc  heat  of  potasa- 
iura  carbonate  is  equal  to: 


6.U  X  6  =  cal/ffram-mole  deg,  or 

^  ,^PP^,  =  278  cal/kg  deg. 

138 

(138  -  the  molenular  weight  of  potassium  carbonate) . 

Kxample.  Calculation  of  the  explosion  temperature  of  TN'T.  We 
shall  use  the  followirig  equation  for  the  explosive  transforicat  i  on 
of  TN'Ti 


C(H,  (NOa),  CH,  =  2CO +l,2COi+3,8C+0.6Hi+  1.6H,0  -h  1.4N,+0.2NHs 


By  making  use  of  thormochera 
heats  of  formation  of  the  explos 

2  CO  .  . 

1.2  CO,  .  . 

1.6  ligO  .  . 

0.2  Ml  .  . 

d 

The  sum  of  the  hoot  forraatii 
I011 . 


cal  tables,^®  wo  con  find  the 
on  products: 

26.4  X  2  «  52. R  kiloral 

94.5  X  1.2  =  113.4  kllocal 
57.7  X  1.6  =  92.3  kllocal 

11.5  X  0.2  =  2.3  kllocal 

n  of  all  products  of  the  explos- 
.  .  .  .  260,8  kilocal 


Heat  of  formation  of  TNT  .....  I3.0  kilocal 

Heat  of  explosive  transformation  Qy  =  260.8  -  I3.0  =  247.6 
ki local . 


-87 


We  Bhall  calculate  the  specific  heat  of  the  products  of  the  ex¬ 
plosion: 


CO,  -N.  -  4  mole 

*88 

1.2  COg 

3.B  C 
1.6  IT^O 

0.2  Nllg 


(4.8  +  0.00045t)4  =  19.2  +  O.OOlBot  cal 
(9.0  +  0.00058t)1.2  a  10. B  +  0.00070t  cal 
6.4  X  3.B  =  24.3  cal 
(4.0  +  0.002156)1.6  =  6.4  +  0.00344t  cal 
(.0.0  +  0.00045t)1.2  a  2.0  +  0.000096  cal 


The  specific  heat  of  all  explosion  products  is  equal  to  62.7  + 
0.00603t  cal/deg.  Consequently, 


t 


~62,7+/62.7«+4.0,CK)603-2480U0 

s-o,ooeo3 


-.3040» 


t  -  3313°  K 


Because  the  values  of  specific  heat  are  Riven  in  small  calor¬ 
ies,  we  shall  also  suhstitute  the  expressesion  for  6  by  Qu  in 
small  calories. 

Aocordlng  to  recent  opinions  (h.  I),  Landau,  K.  P.  Stanlnko- 
vich),  a  larRO  portion  of  the  reaction  heat  is  converted  into 
elastic  energy  which  repulses  the  molecules  of  the  hlsthly-com- 
pressed  detonation  products.  In  connection  with  this,  the  tem¬ 
perature  of  the  detonation  products  turns  out  to  less  than  the 
calculated  one,  and  depends  on  the  volumetric  density  of  the  ex¬ 
plosive.  It  decreases  when  the  density  is  increased. 


3.  Equntio.i  for  tho  DocompoR i  tion  Feaction  of 
ExplORi VOF 

1.  Oxygen  bnlnnr.o.  The  relative  content  of  oxygen  In  an 
exploeivo  hoR  o  tHron.  honrloK  on  the  decomposition  products  of 
this  explosive.  The  amount  of  the  oxygen  balance  of  an  explos¬ 
ive  is  used  for  an  evaluation  of  this  contont.  The  terra  oxygon 
balance  means  a  siiriilus  or  deficiency  of  oxygon  in  an  exfilosive 
<is  against  th('  amount  which  is  necessary  for  complnto  oxidai.ioi 
of  tho  hydroEHi'  and  carbon  which  is  4o^'tained  in  it  into  water 
and  carbon  dioxide,  exr»rossod  in  percentages  of  the  weight  of  the 
substance . 

This  leads  to  tin*  conception  of  explosives  with  a  t>t  si  t  i  vn  . 
zero  .  nt)d  nngati  vo  oxygeti  ha  i  a  nee  . 

Tn  lieu  of  tho  oxygot)  balance,  the  oxj’gon  cooffiriop;  cc  ■'<i' 
used  (proposed  by  A.  A.  Sebmidt). 

The  oxygon  cqof  fl  ci  out  ^s  the  oxygen  content  in  an  oxfilos- 
i  ve ,  expressed  in  pnreentoges  of  the -amount  of  oxygo’’  which  is 
necessary  for  oxidizang  tlie  car]»on  and  hydrogen  which  is  contained 
in  the  explosive  into  carbon  dioxide  and  water. 

lilxaiuj)!  o  s .  Tin)  following  is  needed  for  a  full  oxidatio>  o  i' 
oil  the  enrbo!!  and  hydrf»gen  wiiicli  is  contained  in  a  molecule  of 
nitroglycerine  C  1!  (OvO  )  : 

for  3  atoms  of  carbon  -  6  atoms  of  oxygen 
for  5  atoms  of  hydr( gon  -  atoms  of  oxygon 

total  8.5  atoms  of  oxygen 
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A  molecule  of  nitroglycerine  contains  9  atonifl  of  oxygen. 
Consequently I  the  oxygen  coefficient  of  nitroglycerine  Is  equal  to 

-  100  =  105.9f^»  and  the  oxygen  balance  is  100  =  +3.51®?^ 

8.5  227  ■ 

(227  -  molecular  weight  of  nitroglycerine). 

For  a  complete  oxidation  of  the  carbon  and  hydrogen  contained 
In  nitroglyool  Cgh^  into  carbon  dioxide  and  water,  6  atoms 

of  oxygen  ore  required.  Tn  this  case,  the  oxygen  coefficient  is 
equal  to  lOO'^^i,  and  the  oxygen  balance  Is  equal  to  zero. 

For  oxidizing  TNT  C  IT  CH  into  carbon  dioxide  and 

water,  I6.5  atoms  of  oxygen  ore  required,  while  0  molecule  contains 
only  6  atoms.  Consequently,  the  oxygen  coefficient  of  TNT  is  equal 
to  36.4^  and  the  oxygen  balance  consists  of  -74'!^. 

The  equation  for  the  reaction  of  an  explosive  transformation 
is  the  simplest  one  of  all  to  understand  if  the  explosive  has  a 
positive  or  null  oxygen  halonce.  When  the  oxygen  belanace  is  nega¬ 
tive,  the  corresponding  calculation  is  made  more  difficult. 

2.  Hauatlon -ffl.t_-the  hecom-Dosi tion  Reaction  of  an  Exolosive 
with  a  Positive  or  Null  Oxygen  Balance.  Various  mutual  reactions 
between  the  carbon,  oxygen,  hydrogen  and  nitrogen  which  is  con¬ 
tained  in  an  explosive  are  possible.  The  more  important  ones  are 
listed  in  Table  XII. 

In  order  to  resolve  this  problem,  it  Is  necessary  to  deter¬ 
mine  which  of  these  reactions  take  place  during  the  explosive  de¬ 
composition  of  8  specific  explosion,  and  In  what  ratio.  It  can 
be  assumed  that  the  reaction  follows  the  principle  of  greatest 
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tault?  XII 


Equations  anrl  Tberranl  Effects  for  ttie  more-important  reactions 
among  carbon,  hydrogen,  nltroeen  and  oxygen. 


Reaction 

Thermal 

effect 

kilocai 

2Cl-Os-.2CO 

452,8 

C 1 0,  CO, 

+94,5 

2H,  +  0,  2HjO  ( v.'ipot ) 

4115,4 

CO+HjO-H,  1  CO, 

4  9,8 

2H,+  C0, -2H0  |C 

121.6 

2C0-(-2H,-.CH,+C03 

159,1 

C0+3H,  -  CH,  +  vapor) 

457.8 

2C0-.C0,4C 

441.2 

Reaction 

Thermal 

effect 

kilocai 

I,40,42C-.CH44C0, 

-3.5 

C42H,-.CH4 

418.4 

HJ42C-C5H, 

-57,1 

2C4N,4H,-2HCN  , 

-65,8 

N,43H,-2NH, 

421.0 

Nj4  0,-.2N0 

-41,2 

2N,4  0,-.2N,0  • 

-3o,4 

N,420a-2N0, 

-8.2 

^to.rk  (Bertliol  lot )  ,  winch  Bl.alos:  "of  the  number  of  possible  chnini 
cal  transformat  i  oiiH  for  u  given  system,  the  most  probable  is  tbe 
one  wherein  the  grnai.cs  amount  of  heat  is  liberated." 

It  can  be  soon  from  Table  XII  that,  in  u  reaction  amour  car¬ 
bon,  hydrogen,  oxygen,  end  nitrogen,  tho  greatest  amount  of  heat 
evolved  iii  tlie  case  uf  i.lie  comlmstion  of  oxygen  into  carbon  di¬ 
oxide  and  of  hydrogen  into  water.  Consequently,  in  the  explosivn 
transformation  of  an  oxi'.iosivo  with  a  positive  or  null  oxygon 
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balance,  it  can  be  apsumerl,  in  the  flrat  approximation,  that  all 
of  the  carbon  Ip  oxidized  into  carbon  dioxide  and  that  nil  of 
the  hydrogen  ip  oxidized  Into  water,  and  that  the  oxygen  and 
nitrogen  are  liberated  In  the  elementary  ptate. 

Examplep. 

1. )  C3n^(0iV0a)3  =  3CO3  +  2.5  H^o  +  1.5V,  +  O.25O3 

2. )  C  H  ( 0X0  )  =  2C0  +  21T  0  +  X 

94  a  s  8  3  8 

Secondary  reactlone  can  take  place  between  the  exploeion  pro 
ductp,  ae,  for  Inetance:  ' 

2  C0„  -  2  CO  + 

S  8 

2  If  0  2  n  +0 

3  8  8 

N  +  0  2  XO 

8  a 

However,  the  CO,  IT  ,  0  ,  NO  and  other  pecondary  coniponentp  in  the 

2  8 

explopion  products  /  Insignificant,  and,  in  many  capes,  these 
reactlone  can  be  dipcounted. 

3.  ExDlQBlve  with  negative  oxygen  balance  -  oxygen  content 
■aumc.i.9nt  for ,tha  tranpformation  of  all  of  the  carbon  lato  .gaees 
GO  and  H  originate  In  the  decorapopi tlon  products  in  addition  to 
00  Tend  N  .  In  a  general  case,  the  equation  for  the  reaction  can 

3 «  3 

bo  represented  in  the  following  form: 

•«  /»coCO  +  /ico.CO, + Ah, Hi  +  AH,oHtO + An,N|, 
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where  the  pubecriptf^  .1 ,  d  denote  the  number  of  atoms  of 


the  corresponding  molonule  of  explosive,  ^CO  . * 

ure  the  number  of  moles  of  the  corresponding  components  of  the 
products  of  the  explosive  transformation. 


evident 

tba  t 

?  n  . 

=  0  ; 

'’oo  + 

jl 

'’co 

3  s 

A  reversible  reaction  takes  place  between  the  decompos i t ' on 
products  (the  so-called  water  gas  reaction): 

/:co,CO| 

Expressing  the  concontrations  of  the  water  gas  components 
through  unkjiowri  values  ^00 »  0»  ^  accordance  with 

8  3 

the  doctrine  of  chemical  oqul librium,  we  shall  obtain*" 

'*C0  '’ll  0 
- B  K 

'’COg  '’Hg  ^ 

where  -  equilibrium  constant  of  the  water  gas  reaction. 

The  equilibrium  constant  for  the  given  reaction  depends 
only  on  the  temperature.  An  analytical  expression  of  this  de¬ 
pendency  is  difficult  to  accomplish.  In  the  calculations,  the 


vBlnee  for  the  conetantH,  which  are  founi  In  the  appropriate 
tahlee,  are  used. 

In  order  to  determine  the  equilibrium  conetante  by  a  table, 
it  1r  necessary  to  know  the  temperature  of  the  explosive  trans¬ 
formation.  On  the  other  hand,  In  order  to  calculate  the  tempera¬ 
ture,  It  is  necessary  to  know  the  composition  of  the  explosion 
products.  This  circle  is  resolved  by  the  fact  that,  at  the  be- 
rtinnlna;,  tentative  values  are  assigned  for  the  temperature  T,  the 
magnitude  of  Is  determined  by  this  temperature  and  then  the 
equations  are  solved.  Having  determined  the  values  ^cOg  >  ’ 

0»  temperature  of  the  explosive  transforma- 

8  8  "a 

tion  is  then  computed  (see  section  2). 

If  the  temperature  which  is  obtained  differs  from  the  one 
that  was  Initially  used  by  more  than  50*^,  then  a  new  equilibrium 
constant  is  found  by  this  temperature.  Next,  the  calculation  is 
repeated  up  to  the  obtaining  of  a  satisfactory  approximation  be¬ 
tween  the  two  temperatures. 

Nor  precise  calculations,  apart  from  the  water  gas  reaction, 
other  possible  reactions  between  the  decomposition  products  as 
well  as  the  dissociation  of  the  products  are  also  considered. 

Kxaraple.  To  derive  an  equation  for  the  decomposition  of  PFTV 

( 

C{CH,ONO|)4  =  ncoCO+«co,COj+'SH,i^*+'*H,oi^«®'i'2N^ 

We  shall  set  4000°  as  the  decomposition  temperature  of  PET\. 
At  this  temperature,  the  equilibrium  constant  of  the  water  gas 
reaction  is  equal  to  8.4l8.  We  then  have  the  following  system  of 
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equatlODB 


?  ^1,  •'  ^  "llaO  =  ^ 

Hqo  +  2  '■^QO,  ■'■  ^“’iLO  = 

3  c 

'co  ''ll  0  =  «■'■"» 


Solving  these  eqiintions,  we  find  that  '’po  =  1.758;  '^qq  ~ 

3.242;  ^ir  =  0.242;  rjjr  q  =  3.758. 
a  a 

The  desired  decomposition  equation  will  take  on  the  form; 

C  (CH  ONO,)  =  1.76  CO  •)•  3.24  00  +  0.24  TI  +  3.76  H  0  +  2  Y,  . 

a  «  4  <3  a  a  .< 

The  explosion  temperature  calculated  for  this  eqtiation  ie  Rqna] 
to  4303°.  The  approximation  is  satisfactory. 

Fxploalve  wltii  a  negative  oxygon  halance  -  oxygen  con¬ 
tent  lnBufflci(3nt  for  oxid  I  ;;ing  al  l  of  the  carbon  i  iitQ  .qfl..  (free 
cerhon  remains  in  the  explosive  traneformetion  uroducte.  Tlie 
equatioti  for  the  decomposition  reaction  can  he  written  in  the 
following  general  form: 

C,H»N,0<  =-  ficoCO  +  nco.CO,  +  /Jh.oH.O  +  rtH.H.rf  Wn.N,  +  ttcC. 
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Tn  addition  to  the  water  gas,  the  so-called  blast-furnace 


gas  reaction  can  also  occur  in  th.iB  particular  case: 


2  CO  CO^  +  C. 


In  order  to  determine  the  unknown  coefficients,  we  shall 
use  the  seme  equations  as  in  the  previous  cases 


CO 


+  n, 


00^ 


=  c 


^CO  ^  ^COg  +  ""'llgO  - 
^  X  ^  "^IgO  =  *5 


^“00  ^1,0 


K 

1 


From  the  equilibrium  constant  equation  for  the  blast-furnace 
gas,  we  shall  obtain 

"W  P  ”CO  IT 

-  - EC - *A|, 

«co,  'll  '’co,  ® 


where  E  -  gas  constant; 

T  -  temperature  of  the  explosion  products; 

V  -  volume  occupied  by  the  explosion  products. 

We  shall  also  assign  a  tentative  temperature  during  the 
solution  of  this  system  of  equations,  and  then  we  shall  solve 
the  problem  by  the  sucoessive  approximation  method. 


5*  Eauatioa  for  Powder  Deflagrotlon  Reaction.  TTio  problem 
is  complicated  by  tbe  neceBeity  to  accurately  compute  tbe  composi¬ 
tion  of  tbe  (leflaKration  products  of  tbe  powder,  wbicb  is  parti¬ 
cularly  important  for  powder-propellant  :jet  eniriiiea.  In  tbie  case, 
on  account  of  tbe  relatively  low  pressures,  there  is  a  s'gnifl- 
cant  development  of  secondary  reactions  and  dissociations.  It  is 
therefore  necessary  to  determine,  in  addition  to  tbe  basic  reac¬ 
tion  products  CO,  C0„  ,  if  ,  H  0  and  N  ,  tbe  follow!  ns  secondary 

^  ^  Z  8 

products  (or  a  part  of  them):  0^  ,  0,  N,  II,  OH,  and  \0  which  are 
formed  by  tbe  reactions: 


CO 

p. 

CO  +  1/2  0^; 

(T) 

0 

2 

- 

2  0 

(TI) 

\ 

2  N 

(TIT) 

2  H 

(TV) 

'/?  I’j,  +  OH 

(") 

1/2  Y,t- 

1/ 

2  0  <•  NO 

(VT) 

Retaiiiing 

the 

foiinor  denotations,  wo  can 

find  tbe  obemical 

equation  for  tbe  deflagration  reaction  of  the  powder 


+enN’+iiQ^O,+  nQO+nnH  +/>Q||OH+iT||gNO. 


ObvlouBly , 


"co+*co,““*> 


(O 


+"o«  ■■  ** 


2"N,+"K+"llO"*i 


(3) 


Sco  +2«CO,  +'*H,0+**O'*'^O,+*OH't'''H0  "  ^ 


(If) 


We  shall  add  seven  equations  to  these  four  equations  of 
atomic  balance  of  the  chemical  elements  which  enter  into  the  com¬ 
position  of  the  powder  and  deflagrat ‘ on  products,  by  making  use 
of  the  expressions  for  the  equilibrium  constants  of  the  water  gas 
and  reversible  reactions  (I-VI)» 

=K  (5 

'“CO, 


l>CO''oi  I  ^ 

"CO,  \  "t 


(6) 


where  overall  mole  quantity  of  all  the  combustion  pro¬ 


ducts,  and 


P  -  the  pressure  under  which  deflaRration  of  the  powder 
occurs; 


”0  P 

«o,  "t 


■^11: 


(7) 


ns  P 

”n, 


^llp 


(8) 


"H  P 


"h, 


i. 

"h,”oh  P 
"h,o  "x 


Ky. 


(10) 


"no 


I  1 


^vi. 


(11) 


The  equilibrium  constants  depend  on  the  temperature  of  the 
powder  gases,  which,  in  turn,  depends  on  the  deflagration  heat  of 
the  powder  and  conditions  of  expansion  of  the  combustion  products: 


T  =  F  (Qp,  P,  y) 


(12) 


The  pressure  P  is  normally  set  by  the  rocket  designers. 

We  obtained  a  system  of  12  non-linear  equations,  an  analy¬ 
tic  solution  of  which  Is  impossible,  and,  therefore,  an  inspec¬ 
tion  or  successive  approximation  method  should  be  used.  The 
latter  method  is  more  satisfactory,  which  we  also  made  use  of 
in  this  case. 

From  equation  (2)  we  shall  determine 

1  1  I 

"h,o  “  *  — "h,  — ^  "h  — ^  "oh* 

By  setting  1/2  b  -  1/2  ^  -  1/2  =  A,  we  can  write 

"hlaO  “  ^ 

Substituting  the  value  from  equation  (1)  and  ^  from 

equation  (13)  into  equation  (4),  we  obtain 

"co"  *"1”^  ”*^^*h,+“o+2'to,+"cl^+'^M0• 

Setting  2a  +  A  -  d  +  ^0  +  2n0  +  uqjj  +  *  B, 

we  then  write 

^CO  ”  B  -  •  (1'-^) 

s 


"l-OO  - 


From  equation  (1)  we  have 


"go  -  “  -  "co  =  “  -  «  -  "it  •  <’5) 

a  s 

From  equation  (3)  we  have 

=  J/20  _  i/2n^,  -  1/2 

a 

By  petting  1/2  +  1/2  ^ivfo  =  B»  we  write 

=  1/2  G  -  D  (1^5) 

a 

We  treat  the  values  A,  B,  and  I)  as  hypothetical  values.  We  oh- 
talned  four  equations  (13)  -  (16)  with  five  unknowns.  In  order 
to  solve  the  system,  wo  also  have  equation  (5)  for  the  water 
gas  reaction  constant.  We  find  the  value  of  the  constant  by 
the  temperature  T  which  is  anticipated  in  the  combustion  cham¬ 
ber. 

Substituting  the  values  '^qq*  q*  ^qO  from  equations  (13), 
(14)  and  (15)  into  equation  (5),  we  obtain 

(B=ri„  )  (A-n^  ) 

_ g  =  K 

1 

"a  "a 


-1  01 


Hence 


The  pign  of  the  root  Ip  eelected  in  puch  e  wny  thet  the  poIu- 
tio.i  would  be  popitive. 

Having  determined  the  value  ,  we  find  the  veluep  rtjj  q, 

^^00’  ^CO  equntion  (13)  -  (15)*  nftor  thip  we  pTipII  correct 

the  number  of  molep  of  the  renielnlng  componentp  by  msklng  upe  of 
the  equRtionp  for  the  equilibrium  conptnntp  ((^)  -  (11).  If  the 
obtfilned  valuep  patlpfy  the  pelected  veluep  A,  P  end  T)  with  the 
degree  of  accuracy  apputned  In  the  cnlculation,  then  the  polutlon 
la  valid.  If  thepe  valuea  are  unpatlsfactory ,  then  adtuatmentp 
are  made  in  the  valuep  A,  B,  and  B,  and  the  calculation  Ip  re¬ 
peated  until  the  prepcrlbed  degree  of  accuracy  Ip  obtained. 

For  a  check  of  the  validity  of  the  hypothetically  pelected 
temperature  of  the  powder  gaaep,  it  1r  determined  by  the  pre- 
viously-depcrlbed  method  with  the  calculation  of  the  expannlon 
of  the  ootnbuption  producta  in  the  reaction  chamber. 

U.  Volume  of  the  Gapeoup  Productp  of  the 
Pecompopitlon  of  Kxploplvep. 

The  volume  of  the  exploplon  producta  can  be  determined  by 
two  methodpt 

1.  by  calculation  after  the  decompopl tlon  reaction  of  the 
explopl ve ; 
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2.  by  experimRiital  meens  -  meapurement  of  tho  volume  of 
the  eapep  which  are  formed  during:  the  exploplon  or  corabuptlon 


of  a  ppeclfic  welvhod  portion  of  exploplve. 

1 .  Calculation  of  the  volume  of  the  nroduotp  o^  explosive 
tranaforma tloii .  "o  pha  1 1  write  the  reaction  of  the  decorapopi  tion 
of  an  exploplve  in  the  veneral  form: 

wAf  =»fliAlj+rtjAl2+/i8AI}+ 

where  M  -  the  molecular  vvele,ht  of  the  exploplve  5 
m  -  number  of  molep  of  thip  pubetanoe; 

-  molecular  weight  of  the  productej 
’*■,  »  ■  correppoiidi ng  number  of  molep  of  thepe  producte 

Then  the  ppeclfic  volume  of  the  gape?  which  are  formed  in  the 
explopion  of  1  kg  of  exploplve  Ip: 

Oi)*»  •  •  ■)  22,4- 1000  1  1  ter  p/kg  at  and  760 

fflm 

The  productp  of  the  decoinpopl  tl  on ,  which  are  papop  at  ex- 
ploplon  tempornture,  and  which  are  pctuHlly  found  in  a  linuld  or 
polld  ptate  at  0^,  are  conventionally  regarded  ap  gapep,  and, 
coiipeoueutly ,  are  coupidored  in  the  calculation  of  the  volume. 

Tho  volume  of  the  pubetoncep,  which  ore  found  in  the  polid  or 
llould  Ptate  at  explopion  temperature,  are  dlpregarded, 

Example.  To  compute  the  volume  of  the  productP  of  exploelvi' 
tranpforniR tlon  of  TNT. 
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On  the  bepie  of  the  equation  for  the  rtecompopi tion  reaction 
of  TNT  (page  85): 

(2  1.2  *  0.6  »  *  1.4  ■»  0»a)  *  gg«4  X  1000^ 

®  2  X  227 

«  691  /  »f. 

At  0°  and  760  mm  Hg  (water  turns  to  vapor). 

? .  Experimental  dotermi natl on  of  the  volume  of  oynloeive 
transformation  nroducts.  Tn  order  to  detornilno  the  specif  in 
volume  of  the  explosive  transformation  products,  the  eases  which 
are  obtained  in  the  explosion  of  a  weighed  portion  of  explosive 
In  a  closed  vessel  are  transferred  into  a  gas  meter.'’ 

Because  water  Is  found  in  a  liquid  state  under  the  experi¬ 
mental  conditions,  whereas  it  is  a  vapor  at  the  moment  of  explos¬ 
ive  transformation  (and  In  this  state  It  takes  part  In  the  mechani¬ 
cal  work  produced  by  tbo  explosion  products),  then  the  volume 
which  the  water  would  occupy  if  It  were  in  a  vapor  state  is  de¬ 
termined  by  calculation,  and  this  volume  is  added  to  the  measureil 
volume  of  gas. 


5.  Pressure  of  the  Products  of  Explosive 
Transformation 

The  question  of  the  pressures  which  originate  in  the  de¬ 
tonation  of  an  explosive  are  examined  in  Capter  VI  (see  pages 
74-75  of  original).  The  relations  determining  the  pressure  of 
the  explosive  transformation  products,  under  conditions  when 
the  dynamic  effects  associated  with  the  propagation  of  the  shock 
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wave  do  not  ocntir,  are  examined  'below.  Thope  relptionphlpp  are 
valid  for  the  oppo  of  deflagration  of  powderp  and  explopivep. 

1.  Betermi  na ti onp .  In  the  poqiiel  ,  It  will  bo  neceppary 
to  mako  upe  of  the  nppumptlonp  connerninp  peveral  forme  of  den- 
pity.  The  norreppond I np  determi no tlons  are  llpted  below. 

benpity  Ip  tbe  mapp  of  unit  volume  of  a  oompact  enbetance, 
i.e.  without  air  g^apa.  It  is  expreseed  in  e/cm  . 

Volumetric  or  cubic  density  is  tbe  masp  of  unit  volume  oc¬ 
cupied  by  the  pubstance,  including  any  gaps  which  may  be  found 
between  the  partlclop.  It  is  expreeped  in  g/cm"^. 

Gravimetric  deneity  ip  the  masp  of  unit  volume  of  loopely 
poured  (i.e.  without  shaking,  temping,  compression,  etc.)  of  a 
powdery  or  granular  pubstance,  including  the  gaps  between  its 
grains.  It  Is  expressed  in  kg/decimeter-’  or  g/cm  . 

Bonplty  of  loading  is  the  mass  of  a  substance,  referred  to 
the  volume  of  ppaco  of  the  explosion,  as  for  instance,  a  charge 

3 

chamber.  It  Ip  exprepsed  in  kg/declmeter' . 

In  the  cane  of  a  loosely  poured  pubstance,  tbe  values  for 
tbe  gravimetric  and  volumetric  density  are  Identical. 

In  tbe  cape  where  tbe  oxplopive  flllp  up  the  charge  cham¬ 
ber  completely,  the  vuluep  for  tbe  volumetric  and  loading  charge 
densltiep  are  tbe  same. 

? .  Comuutatlon  of  the  Prespure  of  the  Combustion  Products 
of  an  Explosive.  If  the  gapeoup  products  of  an  explosive  trans¬ 
formation  would  bo  pub.jact  to  tbe  law  of  ideal  gapes,  and  the 
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entire  taken  quantity  of  explosive  would  transform  evenly  into 
gases •  then  the  pressure  produced  in  the  explosion  of  M  kg  of 
explosive  in  a  volume  V  could  then  be  computed  by  the  equation 

P  =  n  RT  ^ 

where  n  -  number  of  gram-molecules  of  gas  formed  in  the  explos¬ 
ion  of  1  kg  of  explosive. 

The  magnitude  M  Ip  the  ratio  of  the  mass  of  the  explosive 
V 

charge  to  the  volume  In  which  the  explosion  takes  place,  i.e. 
the  charge  density,  which  we  shall  denote  by  A. 

P  =  n  I?T  A.  (1) 

The  product  n  RT  Is  the  strength  or  power  of  the  explosive, 
and  it  is  denoted  by  the  letter  /.  Pow,  formula  (1)  assumes  the 
form 


P  «  /  A  (2) 

We  shall  determine  the  physical  meaning  of  the  magnitude  /. 

Let  1  kg  of  explosive  be  subjected  to  explosive  transformation, 

wherein  the  originating  gases  are  expanded  at  an  atmospheric 

2  h 

pressure  of  P^  »  1.033  kg/cra  and  at  a  temperature  of  T  =  273  K 
to  a  volume  V^.  It  la  obvious  that  the  expansion  of  gases  under 
these  conditions  is  equal  to  PqVo' 

According  to  the  Clapeyron  equation  n.  R  =  ~'f^  *  i.e«  the 
magnitude  u  R  is  the  work  which  the  gas  would  perform  at  a  pres¬ 
sure  pQ  while  being  cooled  to  1®.  Hence  it  follows  that  the 


strength  of  the  powder  /  =  n  BT  ip  the  work  produced  by  the  expan¬ 
sion  of  1  ke  of  pras,  while  belne  cooled  to  a  temperature  of  T°  at 
an  atmospheric  pressure  P^. 

The  strength  of  the  powder  can  he  increased  by  such  a  change 
in  its  composition  wherein  T  and  would  also  increase. 

Formula  (?)  Is  used  only  In  the  case  of  very  small  charge 
densities  and  correspondingly  low  pressures,  when  it  could  bo 
assumed  that  the  combustion  products  are  subject  to  the  equation  for 
the  composition  of  ideal  gases. 

In  the  case  of  large  charge  densities  and  high  pressures,  tho 
combustion  products  by  tiioir  characteristics,  are  fur  from  ideal 
gases.  Their  state  can  he  described  by  the  Fan  der  ’Vaols  equation 

(P  +  q)  (V  -  a)  =  n  I!T  (3) 

The  magnitude  p  is  tiio  internal  force  dependent  on  the  mu¬ 
tual  attraction  of  molecules.  This  force  is  slight  in  compari¬ 
son  with  the  high  pressure  of  the  powder  gases.  Therefore, 
equation  (3)  iP  used  in  tho  following  form  for  the  deflagration 
products  of  a  powder 

V  (V  -  n)  =  n  HT  (4) 

The  magnitude  o,  called  the  co-yoluma  takes  Into  account  that 
portion  of  tho  volume  of  gas  which  represents  the  sum  of  the  splieres 
of  activity  of  tho  molecular  forces  and  is  accessible  for  the 
movement  of  the  molecules. 

The  magnitudes  of  the  co-volume,  according  to  theoretical 
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computations,  is  approximately  equal  to  the  quadrupled  volume 
of  the  molecules  themselves.  A  theoretical  calculation  of  the 
volume  of  the  molecules  Is  difficult,  and  impractical  in  many 
cases.  Therefore,  an  approximate  value  for  the  co-volume  of  the 
gaseous  products  is  used  in  determining  the  explosion  pressure. 

It  is  taken  as  0.001  of  the  volume  which  is  occupied  hy  the  gases 
under  normal  conditions. 

Equation  (4)  satisfactorily  described  the  properties  of  pow¬ 
der  gases  only  at  pressures  which  are  no  higher  than  6000  at. 

It  follows  from  equation  (4)  that 


Pbs 


nRT 

V—a 


/A 

l-i4  ’ 


(5) 


This  is  the  fundamental  Internal  ballistic  formula. 

It  follows  from  equation  (5)  that: 

1.  the  greater  the  pressure,  the  greater  the  force  /  and 
co-volume  of  the  explosive; 

2.  the  greatest  pressure  is  produced  by  those  substances 
which  are  capable  of  forming  the  largest  volume  of  gases  with  a 
low  specific  heat  and  thereby  capable  of  evolving  a  relatively 
larger  amount  of  beat. 
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3.  Experimental  Determination  of  the  PreaBure  of  the  De¬ 
flagration  ProductH  of  a  Powder.  A  raanometrlc  bomb  is  used  for 


an  experimental  rtetorralnatlon  of  the  preasure  of  gaaea  which  form 
during  the  deflagration  of  powdera  in  a  constant  volume. 

Not  only  ia  the  maximum  pressure  measured  in  the  bomb,  but 
also  the  influence  of  the  powder's  properties  and  size  and  shape 
of  the  natural  eleinentn  on  the  law  of  growth  of  pressure  in  time 
(relationships  P,  t)  t  ‘‘Pfi  O"  deflagration  rate,  as  well  as  other 
characteristics  playing  a  large  role  in  internal  ballistics,  are 
determined . 

The  bomb  (Figure  10)  consists  of  a  steel  case  with  two  clos¬ 
ing  plugs!  caps:  ignilion  and  crusher  gage.  The  ignition  clos- 
iifg  plug  is  equipped  with  a  device  for  igniting  the  charge  which 
is  inside  of  the  bomb.  The  Inside  volume  of  the  bomb  is  from  18 
to  400  cm^ . 

The  pressure  is  determined  by  the  amount  of  contraction  of 
the  little  copper  cylinder  called  crusher  gage.  The  crusher  gage 
displaces  along  the  sleeve,  the  assembly  of  which  is  shown  In 
Figure  11.  A  closely  ground  piston  moves  back  and  forth  in  the 
sleeve's  channel.  This  piston  transfers  the  pressure  from  the 
combsution  producls  to  the  crusher  gage,  which  Is  set  in  the 
closing  plug.  A  stool  pen  is  attached  to  the  piston  head. 

The  bomb  is  clfimpnd  in  special  vises  (Figure  IP)  so  that  the 
pen  could  be  in  light  contact  with  the  blackened  paper  which  is 
fastened  to  the  surface  of  a  revolving  drum. 

At  the  beginning  of  combustion,  the  pen  traces  a  line  on 


the  paper  which  Is  parallel  to  the  base  of  the  drum  (1-1,  Fig¬ 
ure  13)*  Duritifr  the  process  of  combustion,  the  pen  traces  a 
curve  of  the  Interior  pressure  gage's  deformation  which  corres¬ 
ponds  to  the  nature  of  the  growing  pressure  in  the  bomb,  and, 
after  attaining  maximum  pressure,  it  once  again  traces  a  lino 
which  is  parallel  to  the  base  of  the  axis.  A  curve  is  thus  ob¬ 
tained  with  which  the  low  of  rise  of  pressure  in  time  can  be 
established. 

The  time  rate  is  determined  by  e  measurement  of  tbe  sinus¬ 
oidal  wave  length,  which  is  obtained  on  the  blackened  paper 
through  the  contact  of  another  pen,  attached  to  the  tine  of  a 
tuning  fork,  vibrntlne  with  a  known  vibration.  This  sinusoid 
can  be  seen  in  tbe  upper  part  of  ^^Igure  IT* 

The  so-called  tare  tables  are  used  for  determining  the 
pressure  by  the  contruction  of  tbe  interior  pressure  gage.  They 
determine  the  relation  between  the  pressure  and  contraction  of 
the  interior  pressure  gage. 

The  interior  pressure  gauges  can  he  cylindrical  (Figure  l4, 
a  and  b)  and  conical  (Figure  l4,  c) . 

A  defect  of  tbe  cylintlrlcal  interior  pressure  gage  is  that 
it  begins  to  contract  only  at  a  pressure  of  about  200  kg/cm  . 

The  cylindrical  gage,  although  being  entirely  satisfactory  for 
determining  maximum  pressures,  are  not  too  satisfactory  for  de¬ 
termining  the  course  of  the  rise  of  pressure.  This  problem  Is 
solved  by  the  use  of  a  conical  interior  pressure  gage,  which 
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1.  bomb  ropinc:  ?.  Itrnltioii  Bleovo  3*  interior 
prespnre  pIcovo  4.  iniiilRtoil  rorl 

5.  ivj  ro  contnri  6.  contact  pins  ?•  piston 
B.  crusher  fruft'c  9.  screw  cap 

10.  rubber  oontorlnfr  rltip;  11,  steel  non 

1?.  tiifistic  13.  lenther  ppckinitr 

l4.  copper  olrturntor  rliips 


Fig,  11,  -  Closing  pl(i(! 

1.  piston  ?,  im.ei'ier  [irossure  dugo 

3.  clOBing  plug  4,  ’•u]i]),;r  ririp- 

5.  projection  tor  piston  bnpP 
7.  gland  packing  ^  f^-innt  non 


nig.  IP.  -  Tipyont  of  the  rannometrlc  boMTi 
pnri  recording  device 

1.  [ilnin  2.  drum  for  recording  the  reduction  in 

1be  ciMifdter  gnge  and  rate  of  tinin 
1.  Iii'ii  tig-fork  with  electromegnetl c  excitation 
4,  step  cone  5.  motor  6.  manomotric  boinb 

7.  1-1  am[) 
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begins  to  contract  at  5  to  7  kg/cm  .  This  type  of  gage  was  pro 
posed  by  M.  K,  Serebryakoviy . 

If  two  pressure  determinations  are  made  by  means  of  the 
manoraetrlc  bomb,  as,  for  instance,  at  charge  densities  of 
and  Ag ,  then  after  obtaining  the  data,  the  magnitudes  a  and  /, 
entering  Into  equation  (5),  can  he  computed.  By  knowing  these 
magnitudes  the  same  equation  can  then  be  used  to  find  tbe  press 
ure  for  any  other  charge  densities. 

Other  devices,  besides  Interior  pressure  gages,  are  used 
for  the  measurement  of  pressure.  Of  these,  the  most  ideal  are 
piezoelectric  manometers  with  proclse  and  instruments  for  mea¬ 
suring  and  recording  electric  alternating  voltages. 


Fig.  1;^.  ~  pncord  of  n  teat  in  tiiBnomotri o  bomb 

«.  curve  for  (ieterml no tion  of  time  rate 
b.  curve  for  rleformation  of  interior  presBuro 


Fie.  I'l.  ~  Interior  preBBuro  gngea 

R.  cyl  i  iiflricf)]  b.  cylindricnl  nftor  contraction 

c.  conical 


R’nirn . 
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CHAPTEB  V 


THE  COMBUSTION  OF  GASEOUS 
AND  CONDENSED  .'EXPLOSIVES 


1.  THE  ORIGINATION  AND  PROPAGATION 
OF  COMBUSTION  I'"  GASEOUS  SUBSTANCES 


GaseouB  explosivos  are  not  used  In  industry.  Rut  the  pro¬ 
cesses  of  oomtiiistion  powders  and  exyiloslves  occur  through  the 
formation  of  the  gaseous  phase;  therefore,  a  study  of  the  com¬ 
bustion  in  gaseous  systems  should  precede  a  study  of  the  same 
phenomenon  in  condensed  explosives.  In  addition,  the  formation 
of  muzgrle  flash  in  a  shot  is  connected  with  the  combustion  of 
a  mixture  of  powder  gases  and  air. 

1 .  The  mechanism  of  snontaneous  JiombuBtion  af  a  ,£B,s£lO-Iib 
mixture .  When  a  gaseous  mixture  heats  up,  a  reaction  between  the 
combustion  gases  and  oxygen  originates.  Its  rate  rises  rapidly 
with  an  increase  in  temperature.  The  amount  of  heat  which  is 
evolved  in  a  unit  of  time  increases  in  accordance  with  an  in¬ 
crease  in  the  reaction  rate.  The  rate  of  heat  elimination  into 
the  circumambient  medium  grows  relatively  weakly  with  an  increase 
in  the  temperature  of  the  mixture. 
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At  Tovv  teniperatuHP ,  the  reaction  temperature  1r  able  to  cIIr- 
perpe,  owins  to  which  the  Rap,  for  all  practical  purpopee,  re- 
taina  the  paine  temperature  or  the  circumambient  medium.  In  the 
heating  of  the  gaeeoiiR  mixture,  the  heat  intake  growa  more  ra¬ 
pidly  than  the  heat  transfer,  and  becomes  greater  than  the  latter 
after  attaining  a  certain  temperature.  From  this  moment,  the 
temperature  of  the  gas  rises  rapidly,  which,  in  turn,  leads  to  the 
reaction  which  terminates  in  explosion. 

The  minimum  temperature  of  the  gaseous  mixture  at  which  the 
heat  intake  becomes  greater  than  heat  transfer  and  where  the  chemi¬ 
cal  reaction  assumes  the  character  of  an  explosive  transformation 
is  called  the  apontaiieous  combustion  or  ignition  temuernture  ■ 

Tbe  spontanoons  combustion  temperature,  in  a  manner  plrallar 
to  the  one  which  has  been  established  above  for  condensed^e  ex¬ 
plosives,  depends  on  a  number  of  conditions  determining  the  mag¬ 
nitude  of  heat  intake  and  heat  outgo.  For  instance,  if  the  gose- 
ouB  mixture  is  contained  in  a  spherical  vessel  of  small  diameter, 
then  the  spontanooup  combustion  temperature  will  he  higher  than 
in  a  vessel  of  large  diameter  (heat  transfer  is  proportional  to 
area  of  surface,  i.fj.  sqtiaro  of  the  diameter,  while  heat  intaloi 
is  proportional  to  tite  volume,  i.e.  cube  of  tbe  diameter).  If 
the  gaseous  mixture  is  found  under  an  elevated  pressure,  then 
the  spontaneous  comhusiion  toinporatne  will  be  lower  (the  press¬ 
ure  increases  the  reaction  rate  but  has  practically  no  effect 
on  the  heat  transfer). 


2.  Delay  of  Spoiitaiieous  CombustlQii.  Experiment  shows  that, 
in  heating  an  explosive  gaseous  mixture  to  spontaneous  combustion 
temperature,  ignition  originates  not  instantaneously,  but  after 
a  certain  period  of  time,  called  the  delay  period. 

The  spontaneous  combustion  period  depends  on  a  number  of 
causes,  particularly  on  the  temperature  and  composition  of  the 
mixture.  Table  Till  contains  data  concerning  the  length  the 
delay  of  certain  methane-air  mixtures  at  various  temperatures. 

The  spontaneous  oorabsiition  delay  periods  for  mixtures  of  air  with 
carbon  monoxide  or  hydrogen  are  mnch  lower  than  that  of  the  methano- 
air  mixtures. 


TABLE  XIII 

Spontaneous  combustion  delay  period  (In  seconds)  for  methane- 
air  mixtures. 


Methane  content  in 
volumetric  percents 

Temperature  of  the  vessel  In 

"C 

720 

775 

825 

875 

975 

1075 

6 

6.4 

1,08 

0,58 

0,35 

0,12 

o!q39 

9 

— 

1.30 

0,65 

0,39 

0.14 

0,044 

12 

— 

1,64 

0,74 

0,44 

0.16  • 

0;055 

-116 


The  phenomenon  of  Rpontpnoous  oombuRtlon  delay  1b  depend¬ 
ent  on  the  same  canaoe  ae  the  delay  in  ipinltion  of  condensed 
exx)lo8ives. 

3.  Me_Gha.tij_sm  of  Qombustion  propagation  of  gaseouR  mixtures. 
In  the  case  where  the  entire  volume  of  gaseous  mixture  does  not 
heat  uniformly,  end  where  heat  sources  of  a  high  temperature  act 
on  certain  of  its  parts  (glowing  wire,  flame),  at  intense  re¬ 
action  takes  place  in  a  thin  layer  of  the  suhstanco  which  is  Bub- 
n'ected  to  direct  action  of  high  temperature,  and  ignition  occurs. 
Thermal  energy  is  transferred  from  the  comhuBtion  products  of 
this  burning  layer  to  the  closest  layer  of  gap:  by  moans  of  bout 
transfer,  and,  by  heating  it,  it  then  causes  an  intense  reaction. 
If,  in  addition,  the  reaction  heat  of  the  new  gas  layers  exceeds 
the  heat  losses,  then  the  reaction  propagates  from  layer  to  layer 
combustion  takes  place.  There  Is  no  propagation  of  the  reaction 
in  a  contrary  case. 

Thus,  the  mechanism  of  combustion  consists  of  the  propagation 
of  the  thermal  wave  along  the  gas,  accompanied  and  sustained  by  a 
rapid  exothermic  chemical  reaction. 

The  combustion  rate  of  the  gaseous  mixtures  depends  on  the 
pressure,  temperature  and  other  factors.  In  the  case  of  methane- 
air  mixtures,  for  example,  at  a  normal  temperature  and  pressure, 
this  rate  is  equal  to  several  meters  per  second. 


2.  MECHANISM  OF  COMBHSTIOX  OP  CONDENSED  EXPLOSIVES 


1.  MaQhaaism  gf-cambastlon  of  exploelyee  and  powderR  accord¬ 
ing  _to  Evelyayev.  Byelyayev  established  that  the  combustion  of 
highly  volatile  high  explosives  hes  a  complex  character:  (luring 
the  heating  of  the  explosive  by  a  source  of  heat,  melting  and 
vaporization  of  a  thin  layer  of  the  substance  takes  place.  The 
vapors  which  are  formed  are  heated  to  a  spontaneous  combustion 
temperature  with  subsequent  intensive  chemical  reaction.  The 
combustion  products  heat  the  following  layer  of  explosive  under¬ 
going  the  same  physical  processes  and  chemical  reactions.  Fig¬ 
ure  15  shows  the  Byelyayev  combustion  mechanism. 


p'lg.  15 •  -  Diagram  of  Byelyayev  explosive  combustion  mechanism 

V.  condensed  phase  region  B.  region  of  the  re¬ 
action's  combustion  products 

C.  zone  of  combustion  of  vaporous  substance 

D.  zone  of  proparntion  of  vapors  for  combustion 


The  vapors  which  are  formed  by  the  evaporation  of  the  con¬ 
densed  phase  do  not  deflagrate  all  nt  once,  hut  only  after  the 
expiration  of  a  certain  period  time  which  is  necessary  for  their 


heutlnp  and  devel opraont.  or  a  reaction  in  them.  Ar  a  result, 
the  combustion  will  tako  place  in  zone  G,  at  gome  distance  from 
the  condensed  phase  A.  A  proheotine  and  preparation  of  the  va¬ 
pors  for  comhuRtioii  zone  T)  is  found  between  A  and  C.  During  the 
combustion  of  the  explosive,  the  energy  is  transmitted  by  raeunf; 
of  heat  transfer  to  the  condensed  phase  through  the  vapor  layer 
D,  preparing  Iteelf  for  reaction. 

It  is  evident  that  during  Bustained  conditions  of  combus¬ 
tion,  the  amount  of  substance  which  vaporizes  in  1  second  per 
1  cm  of  cross  section  is  equal  to  flie  amount  of  substance  which 

p 

is  burned  in  1  second  per  era  .  In  other  words,  the  mass  rate  of 
vaporization  of  the  condensed  phase  should  be  equal  to  the  mass 
rate  of  vapor  comhsntion.  As  concerns  the  combustion  mechanism 
of  the  vapor  phase,  it  is  obviously  identical  to  the  previously- 
examined  combustion  mechuniem  of  explosive  gaseous  systems. 

Pyroxylin  is  the  base  of  colloid  powders.  It  does  not  have 
any  volatility.  Zyol'dovlch  assumes  that  decomposition  raacitions 
take  place  in  the  heated  surface  layer  during  the  corabsution  of 
the  powder.  The  result  is  that  volatile  substances,  which  are 
capable  of  reacting,  are  formed  (products  of  Incomplete  oxidation 
Further,  these  substances  react  among  themselves  in  tho  gaseous 
phase  and  form  the  end  products  of  tho  combustion  (CO^,  00,  hpjO, 
with  the  liberation  of  the  corresponding  reaction  heat.  The 
general  flow  sheet  of  the  phenomenon  is  thereby  close  to  that 
shown  in  Figure  15  for  tho  volatile  explosives  with  the  excejitioi; 


that  the  role  of  the  vapore  Ir  plnynrt  by  the  gnBeoue  profliictR  of 
the  orlprlnal  reactiotiB. 

There  Is  a  concept  in  the  recent  works  of  Soviet  and  forels:n 
scientists  that  the  solo  process  rletermi ninp:  the  combustion  rate 
of  the  powder  is  without  any  doubt  the  reaction  in  the  gaseous 
phase. 

2.  Gojidlti.orifl  QX_SteAdljieas  of.  combustloi^  of  an  explosive. 

K.  K.  Andreyev  and  A.  F.  Byelyayev  showed  the  important  signifi¬ 
cance  of  the  ratio  between  gas  intake  and  gas  outgo  in  their  ex- 
ftminatlon  of  the  steadiness  of  combustion.  We  shall  imagine  that 
an  explosive  filling  up  a  cylindrical  tube  is  ignited  and  burns 
along  the  face.  The  originating  gases  flow  off  in  a  direction 
which  is  opposite  to  the  direction  of  the  propagation  of  the  com¬ 
bustion,  owing  to  which  the  pressure  above  the  surface  of  the 
explosive  rises.  The  pressure  above  the  surface  of  the  explosive 
will  depend  upon  the  ratio  between  the  gas  intake  rate  (depend¬ 
ent  on  the  combustion  rate  of  the  explosive)  and  the  gas  outgo 
rate.  Both  of  these  quantities  increase  with  an  increase  in 
the  pressure,  but  the  rates  of  such  a  rise  can  be  different. 

The  ratio  between  the  gas  intake  and  outgo  depends  upon  the 
nature  of  combustion  (at  a  sot  internal  pressure)  and  its  change 
with  rise  in  pressure. 

Depending  upon  the  properties  of  the  explosive  and  conditions 
under  which  the  combustion  takes  place,  two  extreme  cases  are 
possible  J 
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1.  Tlie  gap  outflow  rate  Is  equal  to  the  rate  of  their  for¬ 
mation.  In  this  caso,  we  have  a  steatly  comhustlon  process,  i.e. 
combustion  at  a  sot  (constant)  rate; 

2,  the  gas  intake  rate  is  greater  than  the  gas  outflow  rate. 
In  this  cape,  the  propsure  in  the  front  of  the  combustion  will 
continually  rlpn  anrl  the  corabsution  rate  will  increase. 

v-’e  shall  oxnmioe  the  relations  between  gas  intake  arul  gas 
outflow  for  various  substances.  Tbe  relationship  of  the  combup- 

tlon  rate  of  an  explosive  to  the  pressure  can  be  expreseerl  by  the 

V 

formula  u  =  a  +  bP  .  We  fiball  denote  tbe  area  of  tbe  charge  along 
tbe  edge  of  combustion  by  S,  and  the  density  of  the  explosive  b.v 
5.  Then  tbe  gas  intake  is  =  u6P.  This  relation  is  sViown 
grajibically  on  the  d iagraiiis  (Figure  16,  a,  b,  arul  o).  Phe  re- 
letlotrship  of  tlio  gas  outflow  to  the  pressure,  determiired  in  ac¬ 
cordance  with  the  laws  of  gas  dynamics,  is  shown  in  dlagraiiis 
of  the  same  figures  (dimension  of  gas  intake  and  outflow  are  In 
g/cm^  sec) . 

In  the  case  where  v  1  (Figure  l6  a),  the  pressure  rises  in 
the  beginning  because  the  gas  Intake  is  greater  than  the  gas  out¬ 
flow  at  Pj  ,  the  gap  intake  is  equal  to  the  outflow.  At  elevateil 
pressure  (P  >  )  the  gas  outflow  becomes  greater  tbai'  tbe  gap 

intake  and  the  prespure  is  lowered  to  .  Consequently,  a  steady 
burning  of  the  explosive  takes  place  at  v  <  1. 

For  tbe  same  reasone,  the  burning  along  curve  T  is  steady 
even  at  v  =  1  (Figure  r,  curves  and  T).  Pbe  same  bolds  true 
for  Curve  I,  Figure  16  r,  with  tbe  condition  that  tbe  pressure  is 
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Fig.  16.  -  Felption  of  goR  lirfenko  pnrl  outflow  to  proRpure 


Hinaller  than  P  , 
a 

Curvee  II  of  graphp  b  and  o  which  correBponrt  to  tho  case  whern 
the  gas  intake  is  greater  than  the  ?ob  outflow  at  any  prepsure, 
and  the  upper  part  of  ourvo  I  of  graph  c  characterize  the  utiRteady 
accelerating  corabuRtloti  of  the  explosive. 

It  can  be  deduced  from  the  examined  relationship  that,  if,  for 
a  given  explosive  and  conditionp  of  the  experiment,  the  gas  intake 
rate  always  remains  lesR  than  the  gae  outflow  rate  at  rising  presR- 
ure,  then  the  prespure  during  combuBtion  will  remain  steady.  Con¬ 
versely,  under  conditions  when  the  gas  Intake  rises  with  the  presp- 
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ure  at  a  rate  which  is  Kreater  than  that  of  the  gas  outflow,  the 
pressure  during  combustion  will  rise.  A  rise  in  pressure  accel¬ 
erates  combustion,  i.e.  the  gas  intake  increases  per  unit  of  time 
which,  in  turn,  leads  to  a  new  Increase  in  pressure.  In  this 
particular  case,  the  gas  intake  and  outflow  halance  is  disturbed, 
the  pressure  and  combustion  rate  increase  successively,  and,  un¬ 
der  favorable  conditions,  the  combustion  is  transformed  Into  a 
detonation . 

As  experiment  bears  out.  Initiating  explosives  not  only  have 
a  high  hurnlng  rate  even  at  low  pressures,  hut  they  are  also  char 
acterlzed  by  a  sharp  increase  in  combustion  rate  with  the  growth 
of  pressure.  The  characteristic  capability  of  initiating  explop- 
ives  to  detonate  easily  upon  burning  can  he  explained  by:  the 
high  burning  rate  is  dependent  on  the  very  dynamic  rise  in  ijross- 
ure  above  the  surface  of  the  burning  powder.  In  turn,  the  rise 
in  pressure  increases  the  combustion  rate  to  a  rate  which  is  of 
the  order  of  a  detonation  rate. 

Detonating  explosives  conduct  themselves  in  hurnlng  In  a  umn 
ner  similar  to  the  initiating  ones  only  in  that  case  where  thnrrf 
are  factors  facilitating  the  transition  from  combustion  into  rte- 
tonatlon. 

’Ve  shall  examine  the  combustion  process  of  an  explosive  hav¬ 
ing  a  porous  structure.  Burning  gaseous  products  partially  peru-- 
trate  the  pores,  i.e.  deep  within  the  explosive.  They  then  Ig¬ 
nite  it  along  inner  surface,  formed  by  the  pores.  As  a  resuH  o'' 
this,  the  actual  barnlng  surface  increases  in  comparison  with  thn 
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croflB  section  area  of  the  charge.  The  eias  formation  rate  rlpea 
uccordlnfiily «  Ite.  the  amount  of  papep  formed  In  a  unit  of  time 
per  unit  of  cross  section  area.  On  account  of  this,  en  acceler- 
utlnp  Increase  In  pressure  pete  in  In  the  the  corabuption  front, 
the  combustion  becomes  self-accelerating  and  can,  under  certain 
.conditions,  more  or  leap  rapidly  convert  into  detonation. 

The  prooeps  of  the  combustion  converting  into  detonation, 
which  has  been  described  above  for  porous  explopivea,  is  obviously 
impossible  in  the  case  of  liquid  explosives.  The  converplon  of 
combustion  into  detonation  which  was  observed  here  cen  be  ex- 
'pluined  hy  the  fact  that,  in  the  burning  of  the  substance,  the 
surface  layer  of  the  liquid  ceases  to  be  flat.  "Wavep"  appear  on 
this  layer.  The  actual  combsution  surface  becomep  much  greater 
than  the  veppel,  and  the  gas  intake  rises.  In  addition,  vapor 
and  spatters  of  the  liquid  hit  Into  the  zone  of  combustion  where 
they  burn  up  rapidly,  and  the  pressure  rises.  The  combustion  be¬ 
comes  self-accelerating  and  can  pass  over  into  detonation. 

Cast  explosives  (cast  TNT  for  Instance)  have  a  continuous 
structure.  It  is  a  well-known  fact  that  combustion  of  such  sub- 
etanoes  takes  place  only  under  conditions  of  heat  supply  (with 
burning  from  without  at  first,  and  later  on  from  the  combustion 
heat),  which  is  sufficient  for  a  preliminary  melting  of  the  follow¬ 
ing  layer  of  the  substance .  Therefore,  the  phenomenon  here  can 
take  place  analogously  to  the  burning  of  liquid  explosives,  i.e. 
during  combustion,  vapors  and  spatters  of  water  get  into  the  zone 
of  burning  gases  where  they  burn  up  and  thereby  accelerate  the 


prooeflB  of  8  further  combustion,  bringing  it  to  detonation  under 
favorable  clrcumatencep. 

The  Bteadlnepa  of  burning  of  colloid  powders  la  dependent, 
on  the  one  hand,  on  their  homogeneous  continuous  structure,  end, 
on  the  other  hand,  on  the  fact  that  the  base  of  the  powder  is 
■  non-melting  and  non-vaporizing  pyroxylin.  T*Tien  this  powder  burns, 
the  surface  of  the  unburned  part  of  the  grain  remains  solid,  and, 
on  account  of  an  almost  complete  absence  of  pores,  it  is  not  per¬ 
meable  to  gases.  These  properties  greatly  hinder  the  transition 
of  burning  Into  detonation. 

3.  Burning  of  Powders 

Three  stages  are  distinguished  in  the  process  of  burning  a 
powders  ignition,  propagation  of  burning  along  the  surface,  and 
burning  within  the  innards  of  the  powder  grain. 

Ignition  is  the  origination  of  combustion  in  a  more  or  less 
restricted  surface  layer  of  powder. 

The  stronger  the  thermal  Impulse  causing  ignition,  the  more 
readily  ignition  occurs.  In  addition  the  ease  of  ignition  depends 
on  the  composition  of  the  powder,  sizes  of  the  powder  elements, 
the  character  of  their  surface,  structure  of  the  powder  (porous, 
compact),  and  upon  other  factors. 

In  view  of  the  fact  that  the  conditions  of  Ignition  dirfer 
substantially  from  the  conditions  at  which  the  deflagration  tem¬ 
perature  is  determined,  the  connection  between  the  significance 
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of  the  Ignition  temperature  and  eape  of  ignition  is  not  alwayp 
clearly  seen.  For  example,  the  ignition  temperature  of  gunpowder 
is  equal  to  290  -  310°  while  the  Ignition  temperature  of  colloid 
powder  ie  180  -200°.  Moreover,  gunpowder  is  Ignited  more  readily 
that!  colloid  powder.  Granular  colloid  powder  is  Ignited  easier 
.  than  a  powder  of  the  same  substance  in  the  form  of  strips,  tubes, 
and  sticks,  i.e.  from  coarse  powder  elements.  Equally,  a  porous 
grain  is  easier  to  ignite  than  a  compact  one. 

We  shall  examine  the  cause  of  the  influence  of  the  physical 
structure  on  the  inflammahllity  of  an  explosive  by  the  example  of 
two  powder  elements  produced  from  one  and  the  same  powder  block. 
One  of  those  is  porous  and  the  other  is  compact.  'These  elements 
differ  by  the  size  of  specific  surfaces  (i.e.  by  the  surfaces  per 
unit  volume  of  the  substance),  large  for  the  porous,  and  small 
for  the  compact.  Tn  addition  to  this,  the  thermal  conductivity 
of  the  porous  substance  is  much  smaller  than  that  of  the  compact. 

An  increase  in  the  specific  surface  and  a  decrease  in  the  thermal 
conductivity  facilitate  ignition  of  the  porous  substance  by  a 
flame  acting  on  a  restricted  surface  layer  of  the  substance.  The 
conditions  at  which  the  Ignition  temperature  Is  determined  are 
substantially  different.  A  uniform  and  gradual  heating  of  the 
entire  mass  of  the  substance  takes  place,  the  specific  surface 
and  thermal  conductivity  hnve  little  effect  on  the  results  of  the 
experiment,  and  the  ignition  temperature  proves  to  be  identical 
for  both  the  porous  and  compact  substence. 

Devices  in  which  the  tested  powder  is  subjected  to  the  effect 
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of  flame  jet  witli  constant  intensity  are  used  for  evaluatinis:  the 
Ignition  capability.  The  ralnimutn  length  of  time  necessary  to  ig¬ 
nite  the  powder  is  determined. 

The  tests  indicated  that  gunpowder  in  the  powder  form  (powciery 
pulp)  is  ignited  more  readily  than  grainy  powder;  that  gunpowder 
.  ignites  more  readily  than  pyroxylin  powder;  and  that  pyroxylin 
powders  ignite  with  more  difficulty  than  hlghly-calorlf 1 c  nitro¬ 
glycerine  powders,  etc. 

The  propagation  of  combustion  along  the  surface,  called  i n- 
f  lainmatton ,  takes  place  primarily  during  tiie  hurnlng  of  the  powder 
in  air. 

According  to  Andreyev,  the  high  inflammation  rate  (in  compari¬ 
son  to  the  rate  of  combustion  within  the  grain)  is  dependent  on 
the  fact  that,  the  burning  substances  which  are  contained  in  the 
powder  gases  will,  during  hurnlng  in  air,  blend  with  the  air  and 
burn  out  the  oxygen,  whereupon  the  flame  temperature  rises,  Vor 
this  reason,  the  surface  layers  of  the  powder  along  the  front  of 
the  combustion  are  heated  by  a  flame  with  a  higher  temperature. 
Therefore,  the  Inflarametion  of  the  powder  occurs  faster  in  air 
than  the  propagation  of  the  combustion  within  the  depths  of  the 
grain.  For  instance,  according  to  /Andreyev’s  data,  the  inflamma¬ 
tion  rate  of  one  tost  sample  of  nitroglycerine  powder  consisted 
of  16.7  cra/mln,  hut  the  combustion  rate  of  the  same  powder  within 
the  depths  of  the  grain  amounted  to  only  4.5  om/min. 

In  the  closed  area  of  a  charging  chamber  where  the  powder 
combustion  occurs  without  air,  the  accelerated  propagation  of  the 
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Oom'buEitlon  along  the  purface  of  the  powder  doea  not  play  such  a 
role,  and,  so  that  a  practically  simultaneous  Inflammation  would 
take  place  along  the  entire  surface  of  all  powder  grains,  it  is 
necessary  to  make  sure  that  this  surface  is  covered  by  the  flame 
from  the  igniter. 

Owing  to  the  fact  that  colloid  powder  is  difficult  to  Ignite 
at  low  pressures,  hangflree  and  even  misfires  were  observed  dur¬ 
ing  the  period  when  It  was  first  used  for  firing  purposes.  Second¬ 
ary  charges,  called  igniters,  were  introduced  for  reliability  of 
ignition.  Igniters  are  made  from  gunpowder  or  porous  pyroxylin 
powder.  During  the  combustion  of  the  Igniter,  the  pressure  in 
the  bore  rises  rapidly  to  60  -  100  at.  and  Intense  flames  cover 
the  powder  elements  (tubes,  grains,  etc.)  of  the  base  charge, 
which  assures  its  rapid  ignition  along  the  entire  surface  and 
eliminates  hangflres  and  misfires. 

Comhuation  of  the  powder,  or  burning,  is  the  process  of  the 
propagation  of  the  decomposition  reaction  from  the  surface  layers 
into  the  depths  of  the  grain. 

The  combustion  rate  of  a  powder  depends  on  its  nature,  physi¬ 
cal  structure,  internal  pressure  (i.e.  the  pressure  at  which  the 
combustion  takes  place)  and,  to  a  lessor  degree,  upon  the  Initial 
temperature  of  the  powder. 

Ballistics-wise,  the  most  important  appears  to  be  the  rela¬ 
tion  of  the  combustion  rate  to  the  pressure.  Various  authors  pro¬ 
posed  formulas  for  determining  this  relationship.  In  ballistics, 
this  relation  is  generally  called  princlule  of  combustion  rate. 


The  formula  proponed  by  Vlellle  has  the  followlnp:  form; 


u 


A 


V 

P  ♦ 


where  p  -  pressure; 

u  -  combustion  rate  at  pressure  p; 

"A  and  V  “  magnitudes  dependent  upon  the  nature  of  the  powder. 

Vieille  took  v  =  i/2  for  ordinary  gunpowders.  According  to 
M.  E.  Serelryakov' R  data,  v  =  1/5  for  slow-burning  gunpowders. 

G.  A.  Zabudskly  took  v  =  0.93  for  pyroxylin  powders. 

Nowadays,  Soviet  scientists  recommend  the  use  of  various 
formulas  for  determining  the  combustion  rate  of  a  powder  in  diffo 
ent  pressure  intervals. 

For  a  pressure  up  to  100  at.,  the  following  formulas  are  pro 
posed: 

u  =  a  +  bp  and 

u  =  bp 

where  v  can  be  from  0.7  to  0.95  for  different  powders. 

In  the  case  of  pressures  from  100  to  300  at.,  the  principle 
of  the  combustion  rate  is  established. 

u  =  u  +  bp 

where  the  magnitudes  a  and  b  depend  on  the  nature  of  the  powder. 

In  the  case  of  pressure  above  300  at,  the  principle  of  com¬ 
bustion  rate  is  generally  used; 
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u  =  u^p 

where  Is  a  coefficient  dependent  on  the  nature,  and,  to  a 
lesser  degree,  on  the  temperature  of  the  powder. 

The  combustion  rate  of  a  powder  rises  with  an  Increase  In 
the  specific  heat  of  combustion  (caloriolty) ,  therefore,  the  com- 
•  bustlon  rpte  of  pyroxylin  powders  Increases  with  an  Increase  of 
the  nitrogen  content  In  the  pyroxylin,  and  the  combustion  rate 
of  nitroglycerine  powders  is  raised  with  an  increase  of  the  nitro¬ 
glycerine  content,  and  is  lowered  with  an  Increase  of  the  content 
of  inert  admixtures  (stabilizers,  plasticizers,  etc.). 
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RECTI ON  II 


HIGH  EXPLOSIVES 

1.  GENERAL  REQUIREiEENTS  FOR  EXPLOSIVES 
USED  AS  AMMirNITION  FILLERS. 

High  exploplvep  am  used  ap  ammunition  flllerp  (phella,  mlnap 
aircraft  bombp).  Reponrting  on  the  purpope  of  the  ammunition,  etan 
dardp  have  been  aet  for  blaat  effect  and  brlaance  of  the  explop- 
Ive.  Standardp  witli  roppent  to  the  penpitlvlty  of  an  exploaive 
to  mechanical  effect  are  pet  in  relation  to  the  pervice  reqnire- 
raentP  of  the  ammunition.  In  thip  relation,  the  moat  character¬ 
istic  are  artillery  projectiles,  the  hurptlng  charge  of  which  1h 
subjected  to  a  large  mechanical  effect  during  the  travel  of  the 
projectile  along  the  horo  and  when  it  is  piercing  armor  (armor- 
piercing  shell). 

The  streppep  developlup;  in  the  critical  cropp  pection  during 
Its  firing  or  piercing  of  armor  have  been  taken  as  the  character¬ 
istics  of  the  degree  of  mechanical  effect  on  the  bursting  charge. 

1 .  Calculetlon  of  the  Stresses  Originating  in  the  bursllag 
charge  during  firing.  iVlion  a  projectile  travels  along  the  here, 
it  gains  acceleration.  Proceeding  from  Newton's  second  law,  we 
shall  determine  the  inertia  end  the  stress  originating  in  the 
bursting  charge  during  its  firing. 
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l-’lg.  26.  -  Crosp  fsoctlonal  view  of  filled  projectiles 

We  shall  use  the  following  denotetions  (Figure  26) i  p  -  the 
pressure  of  the  powder  gases  (variable  magnitude)?  Tpffi  -  the  highest 
pressure  of  the  powder  gases  originating  during  firing; 

R  -  half-caliber,  i.e.  the  radius  of  the  projectile  body  taken 
along  the  bourrelet; 

r^-  the  radius  of  charge  opening  at  base; 

r^-  radius  of  charge  opening  at  head  of  projectile  (armor  piercing); 
uu  -  weight  of  bursting  charge; 

G  -  weight  of  filled  projectile; 
g  -  gravitational  attraction; 

V  -  displacement  velocity  of  projectile 
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^Vhen  it  1b  fireti,  tho  projectile  travelp  with  accelerated 
motion  under  the  effect  of  the  force  priRS .  We  shall  examine  the 
cross  section  of  the  projectile  at  any  arbitrary  point.  The  part 
of  the  projectile  lyinp  to  the  rleht  of  this  cross  eection  presses 
oi>  the  opposite  part  with  the  force 


<14  do 
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whore  -  the  weight  of  the  portion  of  the  charge  lying  to  the 
right  of  the  given  cross  section.  The  greatest  inertia  force 
acts  on  that  layer  of  the  charge  butting  nginst  the  base  of  the 
projectile;  for  this  cross  section 


dv 
dt  ■ 


(1) 


d  V 

We  shall  determine  the  acceleration  of  the  projectile  ^  from  the 

U  "t 

equation 


from  where 


(it 


p  n  R®  =  -  ^ 
g  dt 

p  ^  TT  R3  , 


The  greatest  acceleration  occurs  where  p  =  p^^. 
Therefore , 


(2) 


By  dividing  both  parts  of  this  equation  by  tt  r^®,  we  shall 
find  the  maximum  stress  originating  in  the  critical  cross  section 


- 


of  the  bursting  clipriee 
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Formula  (3)  cnti  have  n. -other  form 


(3) 


tt  1 

G  ■ 
%R* 


(^0 


a' 

where  - 

TTfS 

1 


G 

nl{s 


traverse  load  on  the  explosive  in  the  critical  cross 
section , 

transverse  load  on  the  pro;]ectile  is  the  same  cross 
section. 


2.  Calculation  of  the  streBsea  originating  in  the  burgtliig 
charge  when  the  nro.lectlle  piercee  armor.  We  shall  consider  these 
stresses  by  Brink's  approximation  method  which  is  based  on  the 
following  assumptions: 

1.  during  the  entire  period  of  pleroing  the  armor,  the  pro¬ 
jectile  is  subjected  to  n  full  force  of  resistance; 

2.  the  path  of  the  projectile,  along  which  complete  pierc¬ 
ing  of  the  armor  is  attained  is  1  =  IT  +  b,  where  IT  is  the  length 
of  the  projectile's  head,  and  b  is  the  thickness  of  the  armor. 

By  assuming  that  all  of  the  projectile's  kinetic  energy  is 
fully  expended  in  the  work  of  piercing,  we  can  then  write: 


(5) 


'  g  2  ’ 


where  v  -  the  velocity  of  the  projectile  before  hitting  the  armor, 
c 


According  to  Newton'e  pecond  law: 

Q  dll 


h- 


g  di 


(6) 


dv 

dt 


where  ~  -  acceleration  (negative,  i.e.  slowlng-down  of  the  pro¬ 


jectile  at  piercing  of  armor. 

Suhstitiitlng  the  expreeelon  for  into  equation  (5)t  ''’o 
obtain 


dv  V* 

—  t=i  — , 

dt  21 

The  force  developed  in  the  critical  crosB  section  of  the 
bursting  charge  is 


U 


dv 

rf< 


(7) 


From  here,  we  shall  determine  the  stress  in  the  same  cross  section 


3(0,  =■ 


to  Vj  1 

g  2/  nrj 


(8) 


Because  the  diameter  of  the  opetiing  of  the  head  part  in  the 
critical  cross  section  is  small,  the  stresses  can  he  large. 

Example.  iVe  shall  compute  the  greatest  stresses  originating 
in  the  bursting  charge  of  a  45  armor-piercing  projectile  at 
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firing  and  at  piercing  of  armor. 


Initial  data:  «  =  O.OI5  kg;  r  =  O.R  kg;  B  =  2.2  cm;  = 
1.2  cm,  =  1.0  ora. 

Velocity  of  projectile  prior  to  hltlng  Into  the  armor 
500  m/aoc;  p^  it;  25OO  kg/ora*;  .1=6  cm. 

The  maximum  atrepa  at  firing  la; 


2S00-O.015-2,2>  _ 


0,8.1.2> 


=  15?^  kg/cra* 


The  maximum  stresa  at  piercing  is: 


^  0, 015-50  ooo» 
‘’'"''“981-2-6.3.14-P 


=  1015  kg/cm® 


Thus,  the  stress  in  the  critical  cross  section  of  the  burst¬ 
ing  charge  of  a  45  mm  armor-piercing  projectile  at  piercing  is 

s=  6.4  times  greater  than  the  stress  at  firing. 

158 

The  maximum  stress  attains  1100  kg/ora  in  many  projectiles 
used  in  modern  artillery,  ^en  designing  ammunition,  it  is  necnss- 
ary  to  know  the  critical  stress  gf  an  explosive  ,  l.e.  the  great¬ 
est  stress  which  the  projectile’s  bursting  charge  can  withstaiul 
without  bursting.  This  magnitude  Is  determined  by  test  firings 
with  speclally-deslgnod  knock-down  projectiles.  The  design  of 
such  a  shell,  developed  by  V.  I,  Hdyltovskiy  and  used  by  him  for 
studying  the  stability  of  bursting  charges  at  firing  is  shown  in 
Figure  27.  After  the  critical  stresses  are  obtained  experimentally, 
permitted  stresses  are  then  established,  which  make  firing  safe. 
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TABLE  XXI 


Critical  and  permitted  preBsures  for  eorae  exploelvee 


Explosive 

O’er  jkg/cxn^ 

perm,  ^ 

TNT 

1900 

1100 

Amatol  80/ 20 

1400 

1100 

Teliyl 

850 

Flegmatlzed  PETN 

720 

— 

Fie:.  ?7.  -  Experimental  projectile  for  dotermlninjr  crlticnl  strosp 

1.  plup;  witli  Boat  2.  explosive  charge 
3.  Inert  body  4.  lead  5.  wooden  plug 
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Approprinte  valuep  of  nrltical  and  permitted  BtrepBop  for  pome 
exploBivee  are  listed  In  Table  XXI. 

It  should  be  mentioned  that  the  critical  stress  is  not  ab¬ 
solute,  but  a  conditional  characteristic  of  the  sensitivity  of 
an  explosive.  It  Is  a  well-known  fact  that  very  large  stresses 
can  be  produced  In  a  charge  by  static  pressure  without  any  In¬ 
dications  of  its  cleooraposltion .  Actually,  the  magnitude  of  stress 
is  not  important  by  Itself,  but  the  origination  of  the  charges 
deformation,  caused  hy  these  stresses,  which  causes  a  displacement 
of  the  charges  particles  with  respect  to  each  other  or  with  res¬ 
pect  to  the  charge's  container,  is  important,  'fhen  such  a  dis¬ 
placement  takes  place,  there  is  the  possibility  of  a  conversion 
of  mechanical  energy  into  thermal  energy  with  a  localized  heating 
causing  the  formation  of  reaction  hot  spots.  The  conditions  of 
the  formation  of  such  a  hot  spot  depend  not  only  upon  the  physico¬ 
chemical  and  mechanical  properties  of  the  explosive,  but  also  on 
the  quality  of  filler,  design  of  the  charge  and  pro,1ectllo,  and 
upon  other  factors.  The  experimental  values  of  the  critical  stress 
approximately  take  into  account  the  effect  of  these  factors  for 
the  fixed  methods  of  flllinsr. 

3 •  .Senaxal  .r.equi.remfliit.s  for  an  explosive  used  as  ammunition 
filler.  liL,relatlon  to  the  sensitivity  to  mechanical  effect.  The 
strictist  requirements  in  relation  to  sensitivity  to  mechanical 
effect  should  he  set  forth  for  those  explosives  which  are  Intended 
for  filling  armor-piercing  projectiles. 


Plugs  “  wooden,  cement,  or  plaetlc  -  which  Increase  the  area  of 
the  explosive  In  the  critical  cross  section  are  placed  in  the  head 
cavity  of  armor-piercing  projectiles  to  decrease  the  stresses  in 
the  hurstlng  charge. 

Strict  requirements  are  set  forth  for  an  explosive  which  is 
intended  as  a  filler  for  high  explosive  projectiles  used  in  large 
callher  guns,  hiaphragme  are  sometimes  inserted  into  large-oali- 
ber  projectiles  in  order  to  reduce  the  stresses  in  the  explosive. 
These  diaphragms  separate  the  bursting  charge  into  two  separate 
parts  (Italian  l49  mm  and  German  C15  mm  projectiles). 

Lesser  sensitivity  requirements  are  set  forth  for  explosives 
which  are  used  as  fillers  for  medium-caliber  howitzer  projectiles 
(122  and  I52  min).  These  requirements  are  lesser  still  for  ex¬ 
plosives  of  shaped-charge  projectiles,  where  a  relatively  light 
weight  of  the  charge  is  characteristic  for  the  bursting  ohargns. 
Finally,  It  would  seem  that  the  requirements  could  be  even 
less  strict  for  those  explosives  which  are  used  as  fillers  for 
mines  and  hand  grenades.  However,  the  sensitivity  of  the  explos¬ 
ive  to  bullet  shock  assuraos  an  importance  here.  There  is  the 
requirement  that  the  hurstlng  charge  would  not  be  triggered  by 
the  Impact  of  a  bullet. 

2.  XITHTC  ACIP  ESTOS  (NITRATES) 

!•  Pyroxylin .  The  chemical  properties  and  method  of  prepara¬ 
tion  are  described  in  pages 

Nowadays.,  pryoxyl In  is  used  only  for  the  production  of 


colloid  powders  and  dynaraiteH. 

2.  Nitroglvcorlnfl.  CH^  (OVO2)  CTT  (ONOg)  CHg  (ONO^).  Nitro¬ 
glycerine  is  obtained  by  iirooeeping  glycerol  with  a  mixture  of 
nitric  and  sulphuric  adds.  After  the  nitroglycerine  has  been 
separated  from  the  acids,  it  is  worked  to  a  neutral  reaction  so 
that  a  chemically-atahlo  product  is  obtained. 

Nitroglycerine  is  an  oily,  transparent  liquid.  The  specific 
gravity  is  1.6  g/cm^  at  15^.  Solidification  temperature  is  at 
+13*2°  (stable  form)  and  at  +2.1®  (labile  form).  l.B  g  of  nitro¬ 
glycerine  is  dissolved  in  1  liter  of  water  at  20°. 

The  volatility  of  nitroglycerine  at  ordinary  temperature  is 
very  slight,  which  is  of  importance  for  the  physical  stability  of 
nitroglycerine  powders  and  constancy  of  their  ballistic  qualities. 

The  sensitivity  of  nitroglycerine  to  a  blow  is  high;  it  ex¬ 
plodes  when  a  2  kilogram  weight  drops  on  it  from  a  height  of  k  cm. 

Nitroglycerine  is  used  for  the  production  of  nitroglycerine 
powders  and  explosives.  Nitroglycerine  explosives  are  unsuitable 
as  ammunition  fillers  on  account  of  their  high  sensitivity  to  a 
blow  and  friction. 

3.  Nitroglycol  (glycol  dinitrate).  CIT20\02  -  CH2  ONO2. 
Glycol  serves  as  a  basic  product.  It  Is  obtained  synthetically 
from  ethylene.  Glycol  is  nitrated  by  a  mixture  of  nitric  and  sul¬ 
phuric  acids,  and  nitroglycol  is  then  obtained.  It  is  a  liquid 
with  a  solidification  temperature  of  -22°. 

Nitroglycol  is  used  for  the  production  of  non-freezing  dyna¬ 
mites.  On  account  of  its  increased  volatility,  it  is  unsuitable 
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for  production  of  powders  of  the  nitroglycerine  type. 

4.  Dinitrodlglvcol  (diglycol  dinitrate)  CHjONOs— CHj— 0— 
-CHj— CHjONO*.  Piethylene  glycol  CHjOH  •  CH^— O  -CHs—CHsOH, 
shortened  to  dilycol,  is  a  basic  product  which  is  also  obtained 
synthetically  from  ethylene.  A  large  quantity  of  diglycol  is  ob 
talned  as  a  by  product  of  certain  operations  in  the  chemical  in¬ 
dustry.  Pinitrodlglypol  Is  obtained  by  nitrating  dlglycol  with 
a  mixture  of  nitric  and  sulphuric  acids.  It  is  a  liquid  with  a 
solidification  temperature  of  11.3*^.  The  specific  gravity  at  15 
is  equal  to  1.39  g/cm^ . 

On  account  of  the  alight  volatility  of  dinltrodiglycol  and 
u  number  of  properties  approximating  those  nitroglycerine, 
dinltrodiglycol  is  used  for  the  production  of  powders  of  the 
nitroglycerine  type. 

5.  PETN .  The  nitric  acid  ester  of  pentaerythritol-penta- 
orythritetetranltrate ,  or  PETN,  has  assumed  a  great  importance 
since  World  War  II. 


CHjONO, 

1 

0,NOH,C-C-CH,ONO, 

I 

CH,ONO, 
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PETN  Is  obtained  by  nitrating  tetravalent  pentaerythrltol 
alcohol y  which,  in  turn,  is  produced  by  the  condensation  of  acet¬ 
aldehyde  (CH^CIIO)  with  formaldeTiyde  (HOTTO) .  These  aldehydes, 

,1u8t  as  the  nitric  acid  used  for  nitrating,  is  obtained  synehotl- 
cally  from  oasily-obtainod  basic  substances. 

PETN  is  a  white  crystalline  substance  whose  density  is  1.7? 
g/ora^.  It  is  easily  pressed  into  a  volumetric  density  of  1.60 
g/ oxar  ,  It  is  non-hygroscopic.  The  melting  temperatue  is  l4l°, 
and  the  Ignition  temperature  is  215°. 

PETN  is  chemically  stable  in  relation  to  other  nitric  ociu 
esters.  It  is  more  sensitive  to  a  blow  than  TNT,  tetryl  or  even 
cyclonite  (explosion  occurs  when  a  2  kg  weight  drops  on  it  from 
a  height  of  30  cm,  and  explosion  occurs  for  all  tests  where  a  10 
kg  weight  and  25  cm  drop  height  are  used).  The  sensitivity  of 
PETN  to  detonation  is  somewhat  higher  than  that  of  cyclonite  aid 
other  secondary  explosives.  Expansion  In  a  lead  bomb  is  500  cm^. 

In  a  standard  comproBsion  test,  PETN  produces  a  complete  de¬ 
formation  of  tile  column.  The  compression  is  16  ram  at  a  charge 
weight  of  25  g.  The  detonation  velocity  is  7*^00  ra/sec  at  a  den¬ 
sity  of  1.60  g/cra^.  PETN  is  flegmatlzed  mostly  by  the  addition 
of  small  amounts  (up  to  $"'•)  of  paraffin,  wax,  and  similar  sub¬ 
stances;  the  sensitivity  to  shock  is  thereby  greatly  reduced, 
and  the  working  capacity  and  detonation  velocity  are  slightly 
lowered . 

PETN  is  used  for  blasting  caps,  detonators  and  prlmacord. 

The  flegmatized  PETN  is  used  as  a  filler  for  detonators  and  for 
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ehaped-charge  and  other  projectiles. 


3.  VITROCOMPOUNDS 

1.  General  Information.  Nitrocompounds  are  the  most  Impor¬ 
tant  class  of  high  oxi)lo8lveB.  Many  representative  of  this  class 
are  characterized  by  largo  fugacity  and  hrlsanoe  effects  at  a  low 
sensitivity  to  mechanical  effects  in  comparison  to  explosives  of 
other  classes.  These  substances  are  particularly  suitable  as 
fillers  for  artillery  and  other  types  of  ammunition.  Mixtures  of 
a  number  of  nitrocompounds  (for  example,  trotyl,  dinitronaphta- 

lene)  with  ammonium  nitrate  are  used  as  a  filler  for  medium-caliber 
artillery  ammunition. 

Nitrocompounds  are  cbemically-stable  substances.  They  can  he 
stored  for  many  years  without  any  changes  in  physical  or  explosive 
indexes  even  under  unfavorable  conditions. 

The  basic  substances  for  the  production  of  nitrocompounds  of 
the  aromatic  series  are  the  aromatic  hydrocarbons  end  tbeir  derlva- 
tivesJ  benzene  toluene  xylene  napbtalono 

C10M31  phenol  dimebtyl  aniline  C^TT,^N (CIl^) p  and  others. 

These  substances  are  obtained  from  the  coking  products  (by¬ 
products)  of  coal:  coke  oven  gas  and  tar.  In  addition,  a  large 
quantity  of  aromatic  hydrocarbons  are  formed  during  the  pyrolysis 
of  petroleum  (petroleum  benzene,  toluene  and  xylene).  Finally, 
toluene  is  obtained  directly  through  the  fractional  distillation 
of  certain  kinds  of  petroleum  (toluene-gasoline).  Phenol  and 
other  aromatic  hydrocarbon^ derivatives  are  obtained  during  a  fur¬ 
ther  chemical  processing  of  these  substances. 


The  hydrocarboiiB  or  their  derivatives  are  treated  with  a 
mixture  of  nitric  and  sulfuric  acids  in  order  to  obtain  the  nitro¬ 
compounds. 

2.  rsi.  The  most  important  representative  of  the  nitrocom¬ 
pound  class  is  trinitrotoluene  or  TVT 


The  solidlf IcBtlon  temperature  of  cheminally  pure  tvt  ip 
80.85‘’.The  solidification  temperature  of  the  commercial  product  is 
the  criterion  of  its  purity.  TNT  which  is  used  as  ammunition 
filler  should  have  a  aolidlf Icatlon  temperature  which  is  not  lower 
than  fi0.2°.  Purlnp  wartime,  a  temperature  of  no  less  than  is 
allowed 

The  density  of  TNT  is  1 .66 3  g/cm^ .  The  gravimetric  density  is  about  0 . 9  g/ cm3 ;  it  can  fairly 
easily  be  compressed  to  a  density  of  1 . 6  g/cm3 .  Density  of  poured  TNT  ranges  from  1 . 5  5  to  1 . 59  g/cm3 . 

TNT  for  all  practical  purposes  does  not  react  with  metals. 

The  sensitivity  of  TNT  to  mecbanical  effect,  and  to  a  blow,  in 
particular,  is  relatively  slight,  which  is  Its  basic  advantage  over 
many  other  nitrocompounds.  When  tested  on  the  Impact  testing  ma¬ 
chine  (10  kg  weight  and  25  cm  drop  height),  TNT  produces  4  to 
explosions,  while  tetryl,  for  instance,  produces  about  50*^  explos¬ 
ions. 

The  sensitivity  of  cast  TNT  to  detonation  is  much  lower  than 


that  of  the  prespert  type.  A  hoopter  ip  necoppary  to  detonate  capt 
TNT,  whereap  a  blaptlng  cap  ip  pufficient  for  the  detonation  of 
propped  TNT.  Propped  TNT  charKsp  are  pometlmep  need  ap  boopterp 
for  capt  TNT.  Prepped-TNT  detonetorp  are  need  for  these  purpopee 
more  frequently. 

The  expansion  In  a  lead  bomb  Ip  cm  .  The  detonation  velo- 
city  Ip  6c00  m/aec  at  a  density  of  1.5^^  g/cm  . 

The  brlpanco,  nccordlng  to  the  contraction  of  lead  cyllndorp 
in  a  test,  ip  1 6  to  1?  mm. 

Requiremontp  for  TNT  used  bp  shell  filler.  The  TNT,  which  is 
obtained  by  washing  the  product  after  the  separation  of  acids,  has 
a  solidification  temperature  of  77~7^^  end  is  called  raw  T'.'T.  It 
contains  about  6'^  of  varioup  admixtures,  namely  isoraerp  of  trinitro¬ 
toluene  and.  dinitrotoluone.  These  admixtures  worsen  the  explosive 
qualities  of  the  TNT.  For  Inptance,  the  sengitivity  to  detonation 
is  pubntantlally  reduced,  and,  during  the  puraraer  months,  a  liquid, 

the  so-called  trotyl  oil,  leaks  out  of  shells  filled  with  this  sub- 

.  IZ 
stance . 

The  efflux  of  oil  from  the  bursting  charge  is  accompanied  by 
the  following  phenomena: 

1.  Loopenlng  of  the  explosive,  which  can  cause  a  posplble  ig¬ 
nition  of  the  charge  at  firing,  and  premature  explosion. 

2.  In  proiectllos  with  screw-in  bases,  the  trotyl  oil,  which 
carriep  TNT  in  liquid  form,  partially  remains  in  the  screw  threads. 
At  the  moment  of  firing,  the  metal  surfaces  hit  each  other,  and 
the  oil  which  is  found  between  these  hitting  surfaces  can  cause  an 
explosion.  There  is  uIho  the  change  of  an  Ignltluu  of  the  charge 


by  the  powder  gaeee.  This  can  be  accompllBhed  by  the  tranamission 
of  fire  along  the  oil  which  la  contained  In  the  acrew  threada  of 
the  baae. 

3.  The  trotyl  oil  which  aeparatea  from  the  TNT  can  collect 
In  the  receaa  underneath  the  fu^e  (or  detonator).  In  thia  caae, 
the  oil  can  aometimea  get  Into  fuze  or  booater  where  it  then  acta 
like  a  flegmatlzer.  Thla  cauaea  incomplete  exploalvea  and  duda. 

Haw  TVT  la  not  uaed  aa  an  ammunition  filler.  It  ia  cleaned 
beforehand  by  washing  it  with  an  nqueoua  solution  of  sodium  sul¬ 
fite  or  by  other  means. 

Use  of  TNT.  Trotyl  Is  the  basic  high  explosive  which  ia  used 
as  an  ammunition  filler.  Owing  to  Its  relatively  low  sensitivity 
to  mechanical  effect  under  adequate  brlaance  and  fugaclty  effects, 
TNT  is  the  beat  explosive  for  use  In  pro;|ectllBs  intended  for  naval 
and  coast  artillery  guns.  Armor-piercing  projectiles  used  by  those 
guns  have  been  filled  up  to  the  present  with  flegmatlzed  TNT,  con¬ 
sisting  of  94^  TNT,  4^  naphtalene,  and  2^  dinitrobenzene. 

Large  amounts  of  TNT  were  used  in  alloys  with  other  nitro¬ 
compounds;  with  cyclonite  for  filling  shaped  charges  and  small- 
caliber  projectiles;  with  20^  dinitronaphtalene  under  the  name  of 
K-2,  with  xylene  under  the  name  of  Alloy  L,  and  others.  TNT 
was  uaed  during  the  war  in  mixtures  with  ammonium  nitrate. 

Cartridges  and  charges  for  blasting  work  are  made  out  of  TVT. 

3*  Picric  acid  ( trlnltrophenol ) .  The  chemical  formula  is; 
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TTie  polirtificatloii  temperature  of  ctiemioally  pure  picric  acid  is 
121.0®,  The  ilenelty  la  I.B13  p:/cm^.  It  is  eanlly  prepped  to  a  den- 
sity  of  1.63  g/cm"^. 

In  tepting  it  on  the  Impact  tepter  with  a  10  kg  weight  dropping 
on  it  from  e  height  of  25  era,  picric  acid  producep  a  32^  percentage 
of  explopionp.  Ignition  temperature  ip  around  300*^.  The  penpl- 
tivity  to  detonation  is  greater  than  that  of  TNT,  and  lower  than 
that  of  tetryl.  The  detonation  velocity  ip  7210  ra/pec  at  a  den- 
pity  of  1.63  g/cra^.  The  expansion  in  a  lead  bomb  ip  330  cra^. 

The  bripance,  when  tepted  by  the  contraction  of  lead  cyllnderp, 
ip  17-19  mm. 

The  big  defect:  of  picric  acid  la  ita  ability  to  form  aalta 
upon  contact  with  motala  (beaidep  tin)  where  even  a  little  bit  of 
raolpture  ip  prcpcnt.  Some  of  tbepe  aaltp  have  a  high  senpltlvity 
to  shock.  In  connection  with  this,  it  Ip  noceapary  to  ahield  the 
inner  purfaco  of  the  pro.ioctlle  cape  po  that  it  would  not  come  in 
contact  with  the  picric  acid.  This  hap  been  accomplished  by 
varnishing  and  also  by  the  use  of  cased  fillers  (charge  in  a  card¬ 
board  container).  However,  even  with  these  precautions,  it  was 
necessary  to  limit  the  storage  time  of  theso  projectilep  bocauso 
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even  when  the  protective  coating  is  used,  a  slow  reaction  between 
the  picric  acid  and  projectile  casing  metal  takes  place.  The  use 
of  picric  acid,  primarily  on  account  of  the  ahove-mentioned  de¬ 
fect,  has  practically  ceased  during  the  past  few  years. 

Picric  acid  was  used  in  both  the  pure  state  and  in  alloysi  ast 
for  instance,  with  dinitronaphtalene.  Two  alloys  were  usedJ  the 

"Russian  mixture"  containing  51*5^  picric  acid  and  U8,5‘^  dinitro- 

,  Owing 

naphtalene,  and  a  "French  mixture"  containing  80%piorio  acid  and  20%  dinitronaphthalene.  / 
the  Great  Patriotic  War,  picric  acid  was  used  in  anti -tank  mines  which  had  awooden  case. 

4.  Amn^nnli^m  nicrate  -  ammonium  salt  of  picric  acid  -  has  a 
lower  sensitivity  to  shock  than  even  TNT,  owing  to  which  the  United 
States  started  to  use  it  from  1900  for  filling  armor-piercing  pro¬ 
jectiles  of  a  10  inch  and  larger  caliber.  Later  on,  they  started 
to  use  It  also  as  a  filler  for  aircraft  bombs. 

5.  Tetryl .  The  chemical  name  is  trinitrophenylmethylnitraml n 
Its  formula  is*. 


CH,-N-NO, 

o,n/\no, 


The  solidification  temperature  of  the  pure  substance  is 
128.7°.  The  solidification  temperature  of  commercial  tetryl  should 
he  no  less  than  127.7°.  The  specific  gravity  is  I.78  g/cra^. 


A  density  of  1 . 6R  e/nm^  can  bo  attalnod  by  preBplnp:  the 
tetryl .  Tbe  ignition  temperature  is  around  The  Benslti- 

vity  to  shock  ia  uround  ‘S0^->  with  a  10  kg  weight  and  drop  height 
of  25  om.  The  expansion  in  a  lead  bomb  is  3^0  cm^ .  Rrisarico, 
as  determined  by  testing  on  lead  cylinders,  is  ?0  -  21  mm.  The 
detonation  velocity  is  7770  ra/son  at  a  density  of  1.61  g/cra^. 

Tbe  sensitivity  to  detonation  is  greater  than  that  of  picric  acid. 
At  a  density  of  1.6B  c/cm"^,  tetryl  can  still  be  detonated  by  a 
blasting  cap  with  0.5U  g  of  fulminate  of  mercury.  As  can  be  seen 
from  these  data,  tetryl  is  more  brisent  than  any  of  tbe  previously 
described  nitrocompounds.  Its  sensitivity  to  detonation  and  den¬ 
sity  attained  by  pressing  is  greater  than  that  of  TNT.  On  account 
of  these  superior  qualities,  tetryl  Is  particularly  suitable  for 
the  production  of  detonators  and  blasting  caps.  Owing  to  tbe  high 
sensitivity  of  tetryl  to  mechanical  effect,  it  is  not  suited  as 
a  shell  filler  except  for  small  caliber  ones,  in  which  it  is  used 
in  both  tbe  pure  and  flegmotized  form.  Tetryl  alloys  with  tnt  or 
oyclonite  are  also  used  as  fillers  for  some  munitions. 

6.  Cyclonl te .  The  chemical  name  is  cyclotrlmetby lenntrl nl 1 r- 
araine.  The  chemical  formula  is: 


CH, 

0,N-N/^N-N0, 


N-NO, 
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It  is  obtained  by  nitrating  urotropin. 


The  melting  temperature  of  cyclonlte  le  203.5°*  ItR  detielty 
Ip  1.82  g/ora-’.  The  Ignition  temperature  230  .  The  sensitivity 
to  phock  is  somewhat  lower  than  that  of  PETN.  Expanplon  in  a 
lead  bomb  le  480  cm"^.  In  a  standard  brlsance  teet,  cyclonlte, 
analogously  to  PETV,  producep  a  complete  deformation  of  the  lead 
column.  An  18  mm  contraction  Ip  produced  with  a  25  gram  charge. 
Itp  detonation  velocity  at  a  density  of  1.70  g/cm^  Is  equal  to 
8370  m/eec. 

Cyclonlte  and  the  prevlougly-depcrlbed  PETN  are  the  most 
powerful  and  most  brlpant  of  all  the  chemically  homogeneous  solid 
explosives  which  are  In  use  today.  It  Is  flegmatlzed  by  paraffin, 
wax,  ceresin,  and  other  substances,  so  that  Its  sensitivity  to 
shock  and  friction  would  be  reduced.  It  Is  also  flegmatlzed  by 
dl-  and  trinitrotoluene,  as  well  as  by  other  nitrocompounds. 
Flegmatlzed  cyclonlte  can  be  pressed  to  a  density  of  1,65  g/cm-^. 

Cyclotiite  melts  with  dissociation.  In  addition,  at  a  high 
melting  temperature  (203.5°)  Its  sensitivity  to  shock  and  fric¬ 
tion  is  greatly  increased.  Therefore,  the  filling  of  ammunition 
by  cyclonlte  Is  not  done  by  pouring,  but  only  by  pressing. 

On  account  of  the  high  sensitivity  of  the  pure  explosive  to 
mechanical  effect,  only  flegmatlzed  cylonlte  is  used  for  prepsing. 
When  uped  In  such  form,  detonators,  shaped  charge,  and  small  cali¬ 
ber  projectile  chargee  are  pressed  from  It. 

Analogously  to  PFT^^,  pure  cyclonlte  Is  used  only  for  the  pro¬ 
duction  of  blasting  caps. 
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Cyclonito  has  an  ImpoTtant  use  in  fhe  form  of  a  mixture  wltli 
other  nitrcoonpoundBi  aa,  for  inatanoe,  with  TN't,  ae  a  filler  for 
various  auununtion.  These  mixturea  are  leas  penal tive  than  cyclon¬ 
ito,  and  they  have  a  greater  etrenieth  than  TNT.  They  can  he  ponr'i' 
(in  the  form  of  a  auapenaioii  of  oyclonite  in  melted  TNT). 

7.  Xvlvl  ( trinitroxylene) .  The  formula  1r! 

C»H(CHj)i  (NO*),. 

Depending  upon  the  degree  of  purity,  the  commercial  product  con- 
taina  a  greater  or  leaser  amount  of  various  isomeric  trlnitro 
derivatives  -  ortho-  and  p-xylene.  The  solidification  temperfiturn 
of  purified  xylyl  is  I70  -  178°.  Xylyl  is  a  neutral  suhstance 
which  does  not  form  salts  with  metals.  The  Ignition  temperature 
is  around  330°.  The  sensitivity  to  shock  is  greater,  and  the 
sensitivity  to  detonation  is  markedly  lower,  than  that  of  TVT, 

The  expansion  in  a  lead  homb  is  ?70  ora^.  The  contraction  of  the 
lead  cylinders  is  12  -  I3  mm.  Xylyl  Is  used  as  an  airanunition  filloi 
in  the  form  of  a  mixture  with  ammonium  nitrate  and  as  an  alloy 
with  TNT  (Alloy  L).  This  alloy  contains  '’5'^'“  TNT  and  5"^  xylyl. 

Its  solidification  temperature  is  74°.  Alloy  T,  does  not  have  any 
explosive  properties  which  are  different  from  TNT,  but  It  Is  char¬ 
acterized  by  a  much  better  sensitivity  to  detonation,  which  is 
caused  hy  its  finely-crystallized  structure. 

8.  Dinitronanbtalene.  The  chemical  formulas  of  both  isomers 
of  dinitronaphtalene  are: 
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1,5  dinitronaphthalene  l.R  dinitronaphthalene 

Commercial  dinitronaphthalene  conRistB  of  a  mixture  of  these 
IsomerR.  The  sensitivity  of  dinitronaphthalene  to  detonation  Is 
very  small.  Therefore,  It  Is  not  used  in  the  pure  form,  hut 
only  in  a  mixture  with  ammonium  nitrate,  called  dinaphtalite. 
This  mixture  is  used  as  a  filler  for  both  ammunition  and  commer¬ 
cial  blasting  operations. 

9.  Dinltrobenzgne.  The  chemical  formula  is» 


NO, 

/\ 


\/ 


NO, 


The  solidification  temperature  of  m-dlnitrobenzene  is  8^.9°. 
The  solidification  temperature  of  commercial  dinitrobenzene  is 
lower  on  account  of  the  presence  of  the  isomers  contained  in  it. 


These  Isomere  are  ortho-  and  p-dlnitrobenzene.  The  density  la 
1»57  g/cm^.  The  detonation  velocity  Is  6100  m/eec,  and  expan¬ 
sion  in  a  lead  bomb  is  250  ml. 

The  use  of  pure  dinitrobenzene  for  filling  shells  is  dlffl- 
oult*  owing  to  its  smell  sensitivity  to  detonation.  Another 
drawback  of  dinitrobenzene  is  its  toxicity.  Heretofore!  we 
(Russians)  used  an  alloy  of  THT  with  2^  dinitrobenzene  end  4^ 
naphthalene  as  a  filler  for  armor-piercing  projectiles  used  in 
naval  and  seacoast  artillery  guns.  Alloys  consisting  of  large 
amounts  of  dlnltrobenzene  are  not  suitable  as  a  filler  on  account 
of  the  low  melting  temperature. 

10,  New  and  Powerful  Explosives,  Tetryl,  PETN  and  oyclonite, 
which!  in  strength  1  greatly  exceed  TNT  and  other  aromatic  nitro¬ 
compounds  and  ammonium-explosives!  are  referred  to  as  "powerful" 
explosives.  Judging  by  tbe  present  pertinent  literary  datoi  new 
explosives  ere  being  found  at  the  present  time*  The  most 
interesting  appear  to  be  ootogen,  ethylenedlnitramlne  and  dinitroxy- 
dlethylnitramine, 

Ootogen  is 

CH, 

0,N-/^ ^^NO, 

I-  .  1 
CH»  CH, 

I  1 

0,N-N  N-NO, 
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is  obtained  from  urotropin  by  the  action  of  concentrated  nitric 
acid  on  it  in  the  presence  of  acetic  acid.  The  stability  in  heat¬ 
ing  is  greater  than  that  of  oyolonite.  Its  explosive  qaalities 
are  close  to  that  of  oyclonite. 


CH,-NH-NO, , 
Ethyleno-dinitramine  I 

CH.-NH-NO,  , 

It  is  equal  to  totryl  in  force  of  explosion  and  sensitivity  to 
mechanical  action.  In  comparison  with  tetryl»  it  Is  less  toxic 
and  does  not  have  any  coloring  properties. 

hinitroxydiethylnltraralne  -  0|N— N(CH|CH|ONOi)t.  Sensitivity 
to  shook  is  on  the  order  of  PET\.  It  is  close  to  PETN  and  cyclo- 
nlte  in  explosive  force.  It  readily  gelatinises  nitrocellulose. 

4.  EXPLOSIVE  MIXTURES 

The  olasslf loation  and  general  characteristics  of  explosive 
mixtures  were  given  on  page  34. 

1.  Ammonium  nitrate  ExpIaslveB.  Pef initions.®®  Ammonium 
nitrate  explosives  are  those  mixtures  whose  basic  component  is 
ammonium  nitrate. 

The  oxidizer  in  arnmonlum  nitrate  explpsives  is  ammonium  ni¬ 
trate.  The  Ignitor  can  bo  various  substanoesi  explosive  {T''"'', 
xylyl,  and  other  nitrocompounds)  as  well  as  non-explo«lvo  (wood 
meal  or  some  other  organic  meal«  alumlnumi  pitchy  etc).  Certain 
special  admixtures  such  as  sodium  chloride  enter  into  the  com- 


position  of  individual  ammonium  nltrota  explOBivos.  This  type  of 
explosive  is  used  in  gas  welle»  etc. 

Amnioiiita  is  an  ammonium  nitrate  explosive  which  contains  an 
explosive  nitrocompound. 

DynampiQ-U  is  an  ammonium  nitrate  explosive  which  contains,  in 
addition  to  atimionium  nitrate,  only  non-explosive  comhustihlo 
materials. 

Ammonal  is  an  ammonium  nitrate  explosive  which  contains  alumi 
num  in  Its  composition. 

Ammonium  nitrate.  The  properties  of  ammonium  nitrate  explos¬ 
ives  depend  to  a  large  extent  upon  the  properties  of  their  haslc 
component  -  ammonium  nitrate.  It  is  a  wMte,  crystelllne  suh- 
Htanoo  with  a  raeltlrig  point  of  169.'^°. 

Aimnoninm  nitrate  exists  In  the  form  of  several  crystal  modi¬ 
fications.  Pour  of  these,  which  change  one  Into  the  other  at 
temperature  of  -l6,  +32,  and  +8?*^  (transition  points)  are  the 
most  Important  hy  their  effect  on  the  properties  of  ammonium  ni¬ 
trate  explosives,  ^ot  only  the  shape  of  the  crystals,  but  also 
their  size  and  specific  volume  are  changed  during  transition. 

Ammonium  nitrate  la  very  hygroscopic.  Water  vapors,  which 
are  absorbed  from  the  atmosphere,  condense  on  the  surfaces  of 
separate  crystals  and  dissolve  the  surface  layer  of  salt  with 
the  formation  of  a  saturated  solution.  When  the  vapors  evapor¬ 
ate  (in  the  case  of  a  reduction  in  the  relative  moisture  of  the 
air),  crystals  are  separated  out  of  the  saturated  solution,  which 
then  fasten  themselves  to  the  adjoining  particle  of  niter.  As 


the  result  of  a  repeated  humidifying  and  drying,  the  niter  cryetale 
are  bonded  all  the  more  solidly,  and  a  process  of  densif Icatlon 
and  caking  of  the  ammonium  nitrate  takes  place.  After  prolonged 
storage  at  varying  humidity,  the  niter  converts  into  a  monolith, 
and  it  is  then  granulated  with  difficulty. 

The  sensitivity  of  ammonium  nitrate  to  detonation  is  very 
small.  Accordingly  a  stable  detonation  of  it  can  occur  only  with 
a  large  diameter  of  the  charge  or  by  enclosing  it  in  a  solid  case 
(page  78  of  original). 

The  composition  of  ammonium  nitrate  explosives.  Numerous  com¬ 
positions  (formulas)  for  aamonitun  nitrate  explosives  and  some  of 
their  valuable  properties  wore  known  for  long  time  prior  to  the 
First  World  War.  In  World  War  I,  after  a  grave  defect  was  dis¬ 
covered  in  explosives,  the  suitable  ammonium  nitrate  explosive 
formulas  were  quickly  put  to  use  and  the  filling  of  ammunition 
with  these  explosives  was  adopted.  Mixtures  of  ammonium  nitrate 
with  TNT,  called  amatols,  assumed  the  greatest  Importance  from 
the  very  beginning  and  have  been  In  constant  use  up  to  the  pre¬ 
sent  day.  Those  mixtures  contain  from  4o  to  80'^  niter  and  from 
20  to  60fo  TNT. 

Filling  by  the  sorew-In  method,  which  was  developed  after 
World  War  I,  made  it  possible  to  widen  the  assortment  of  ammonium 
nitrate  explosivea  suitable  for  ammunition.  In  addition  to  the 
amatols,  it  was  possible  to  use  other  ammonium  nitrate  explosives 
for  fillers,  particularly  some  of  those  which  were  produced  for 
cotnmeroial  blasting  operations. 

Table  XXII  lists  some  of  the  typical  ammonium-nitrate  ex- 
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ploBivoB  intended  for  blaBtlng  operations. 

Safety  exploaivoB,  a  representatlvo  of  which  is  shown  in 
Table  XXII,  are  used  for  operations  in  coal  mines  which  are  gas 
and  dust  hazardous.  Their  formula  is  aelectod  in  such  a  way 
that  no  inflammation  of  the  gaa-air  and  duet-air  mixtures  would 
occur.  This  is  accompliahed  by  reducing  the  brisance  and  fuga- 
city  effect  and  explosion  temperature  by  the  inaertion  of  sodium 
chloride  into  the  composition.  There  Is  a  requirement  in  safety 
as  well  ns  in  other  explosives  which  are  permitted  for  under¬ 
ground  operations  that  the  amount  of  toxic  gases  nod  CO) 

which  are  formed  at  explosion  does  not  exceed  the  prescribed 
norms. 

The  production  of  ammonium  nitrate  explosives.  Amatols  with 
a  content  of  UO  to  TNT  are  obtained  by  mixing  melted  TNT  with 
heated,  preliminarily  dried  and  pulverized  ammonium  nitrate. 

The  TNT  does  not  form  any  alloys  with  the  awmonlnm  nitrate,  hut 
a  gruel-llko  suspension  of  the  ammonium  nitrate  particles  is 
obtained  in  the  molttn  TNT,  which  is  then  in  a  suitable  concUlioii 
to  bo  poured  as  ammunition  filler.  After  this  pasty  mass  cools, 
a  conglomerate  is  formed  which  consists  of  the  solidified  TAT 
containing  the  annnonlum  nitrate  particles  within  it. 

If  the  amatol  contains  loss  than  TNT,  it  then  does  not 
form  a  mixture  of  gruol-llke  consistency  which  is  suitable  for 
pouring  into  ammunition.  Snob  mixtures  fill  ammunition  by  means 
of  a  mechanical  method  (pressing,  screwing-in). 

Powdered  ammonium  nitrate  explosives  are  obtained  by  grind- 
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TABLE  XXII 


Typical  representative  of  ammonium  nitrate  STcploslves 
which  are  used  for  commercial  blasting  operatlonst 


Competition  in  % 

.S|g*.a 

5 .9 

|1i 

s» 

|8|i! 

8  la 

III 

Name  of 
expletive 

1 

edict  components 

Ammonite  No  .6 , 

.79 

TNT  21 

1,0-1,15 

360 

14 

_ 

powdered 

Ammonite  No  .  6  , 

79 

Same 

1,25-1,36 

360 

20 

3800 

pretied 

Ammonite  No .  7 

81 

TNT  14,  pine 

1.0-1,1 

360 

13 

4070 

bark  meal 

Granulated 

68 

Olnltronaph  - 

1,0-1,25 

320 

16 

dlnaphtallte 

talene  12 

Alumite  No ,  1 

60 

Trotil  12, 
aluminum  8 

0,95-1,05 

400 

16 

— 

Oinamon 

90->88 

Orsanlc  meal 

10- r2 

0,9 

330 

11 

2500 

Safety  ammo- 

68 

TNT  10 ,  todlum 

1,0-1,  If 

240 

11 

2870 

nlte 

chloride  10-12,  oil 

cake  ot  pine  tax 
'meal,  2 . . 

1 


pulverized  pine  bark  oi  peat »  etc  . 


Note:  Comma  represents  decimal  point. 


liiR  previously-dried  ammonium  nitrate  and  combuBtlble  materials 
with  subsequent  intermixing  of  them  in  drums  (spherical  grinders). 
The  tiiixing  is  sometimes  done  under  millstones,  through  which  a 
finer  pulverization  is  attained  at  the  same  time.  This  Increases 
the  density, detonation  velocity  and  hrlsance. 

Properties  and  use  of  ammonium  nitrate  explosives.  The 
presence  of  ammonium  nitrate  in  the  composition  predetermines  the 
hygroscopy  and  caking  tendency  of  ammonium  nitrate  explosives, 
this  being  their  intrinsic  defect.  Niter,  covered  by  a  thin  film 
of  water-repellent  substances  is  used  In  order  to  reduce  the  hygro¬ 
scopy.  Caking  can  he  lowered  by  inserting  certain  loosening  ad¬ 
mixtures  such  as  oilcake  meal,  pitch,  etc.  into  the  explosive’s 
composition . 

The  explosive  properties  of  ammonium  nitrate  explosives  de¬ 
pend  upon  the  nature  of  the  components,  weight  relation  among 
them,  method  of  production  of  the  explosive,  degree  of  pulveriza¬ 
tion,  and  intermixing  (see  Table  XVII  on  page  79  of  original), 
density  of  the  charge,  and  degree  of  caking. 

VCien  ammonium  nitrate  is  added  to  T\T,  the  brisance  is  some¬ 
what  reduced,  but  the  fugacity  effect  is  somewhat  increased.  The 
fugaoity  increases  with  an  increasing  content  of  ammonium  nitrate 
in  the  mixture.  Therefore,  where  earth,  wood-earth  and  analogous 
fortifications  are  to  be  destroyed,  and  reqnlrlr,^  a  large  fuga¬ 
city  effect,  the  use  of  amatol  is  possible.  Conversely,  in 
direct  fire  against  a  solid  mass  such  as  an  armored  object  whore 
brisance  effect  Is  needed,  It  Is  necessary  to  use  projectiles 


flUod  with  TNT  or  some  other  more  powerful  explosive. 

The  seiiflitivity  of  ammonium  nitrate  explosives  to  detona¬ 
tion  is  reduced  in  proportion  to  their  caking  tendency.  There¬ 
fore,  it  is  necessary  to  prepare  ammonium  nitrate  explosives 
for  a  prolonged  storage  (multiyear),  and  munitions  are  filled 
with  those  explosives  only  during  time  of  war,  when  they  are 
rapidly  used  up. 

In  comparison  with  other  explosive  mixtures,  ammonium  ni¬ 
trate  explosives  are  characterized  by  a  lower  sensitivity  to 
mechanical  effects.  On  accoun'^f  this  and  also  on  account  of 
their  low  cost  and  satisfactory  fugaolty  and  brlsance  effects, 
they  are  widely  used  as  a  filler  for  many  types  of  munitions. 

Tor  those  very  same  reasons,  they  find  a  wide  application,  and, 

In  the  Soviet  Union  a  practically  exclusive  application,  for 
commercial  blasting  operations. 

During  the  Great  Patriotic  "'^ar,  the  largest  amounts  of  am¬ 
monium  nitrate  explosives  were  oonsumed  for  modium-caliher  pro¬ 
jectiles.  Heavy-caliber  projectiles  (besides  armor-piercing  for 
naval  and  coast  artillery  guns),  aircraft  bombs  and  marine  ob¬ 
stacle  mines  were  filled  with  amatols  4o/60,  50/5O  and  60/40  hy  the 
pour  method. 

When  filling  ammunition  with  ammonium  nitrate  explosives,  a 
density  of  1.45  to  1.55  g/om^  is  effected.  This  greatly  lowers 
the  sensitivity  to  detonation.  Therefore,  it  is  necessary  to 
initiate  this  explosive  by  a  more  powerful  detonator  than  one 
that  is  used  for  initiating  a  TNT  charge.  This  feature  It  taken 
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Into  consideration  wlion  seleoting  fuzes  for  ammunition  which  has 
he on /with  nitrate  explosive  in  wartime. 

2.  Chlorate  and  per¬ 
chlorate  explosives  consist  of  a  mixture  of  chloric  or  perchloric 
acid  salts  with  a  comhustihle.  Tho  most  widely  used  are  KCIO. , 
KCIO^  and  MT^CIO^  . 

Chlorate  explosives  draw  attention  to  themselves,  because 
the  oxidizer  contained  in  them,  Berthollet's  salt,  can  be  readily 
obtained  In  large  quantities  from  abundant  raw  materials.  How¬ 
ever,  tbelr  capability  to  be  used  as  ammunition  fillers  is 
strictly  limited  on  account  of  the  great  sensitivity  to  macbani- 
C8l  effects.  They  were  used  in  World  War  I  in  France,  England 
and  Germany  for  filling  mortar  and  homb-thrower  projectiles, 
which  are  characterized  hy  a  low  initial  velocity  and  corres¬ 
ponding  low  stresses  in  the  bursting  charge. 

3.  ExplOBlves  on  abase  of  liquid  oxidizers.  Oxyliquits 
and  mixtures  on  a  base  of  nitrogen  dioxide  or  nitric  acid  belong 
to  this  category  of  explosive  mixtures. 

Oxyliquits  are  cartridges  of  a  combustible  component  -  ab¬ 
sorber  -  which  has  been  Impregnated  with  liquid  oxygen.  The  Im¬ 
pregnation  of  oxyliqult  cartridges  for  military-engineering  or 
commercial  blasting  operations  is  done  Immediately  prior  to  their 
use.  Such  carttldges,  as  the  result  of  a  vigorous  vaporization 
of  the  liquid  oxygen,  loose  their  explosive  properties  relatively 
quickly.  In  relation  to  the  cartridge  size  and  conditions  of  use 


its  "life  (Span"  consists  from  several  minutes  to  1-1^  hours. 

This  singularity  of  oxyliquits  precludes  their  use  in  munitions. 

Explosive  mixtures  on  a  base  of  nitrogen  dioxide  have  great 
strength,  but  on  account  of  a  high  sensitivity,  volatility,  and 
pronounced  toxicity,  their  use  is  limited.  They  were  used  in 
France  during  World  War  I  as  an  aircraft  bomb  filler.  Nitro¬ 
benzene,  liquid  hydrocarbons  and  other  organic  substances  were 
used  as  the  combustible.  Both  components  were  inserted  separately, 
and  they  were  interralzed  by  means  of  a  special  mechanism  after 
they  were  dropped  from  the  aircraft. 


SECTION  V 


GOLLOlft  POWDERS 
1.  Genetftl  Infotattion 

Combustion  is  a  cbaractsrlstlc  form  of  oxplosira  tra.'sforms- 
tlon  of  powdrtrs.  It  Is  a  well-known  fact  that  the  rate  of  com¬ 
bustion  of  apowder  is  increased  with  an  increase  in  pressure, 
Nonetheless,  even  upon  firing  from  a  weapon,  where  the  pressure 
can  go  up  to  3000  at,  an  Increase  in  the  combustion  rate  does 
not  present  any  danger  with  respect  to  damaging  the  barrel. 

It  would  turn  out  differently  if  the  weapon  were  to  be  loaded 
with  an  equal  amount  of  high  explosive  instead  of  powder.  In  this 
case,  a  rapid  use  in  the  pressure  would  take  place,  and  the  coiu- 
bustion  would  convert  into  detonation,  whereupon  the  barrel  of 
the  weapon  would  burst. 

The  ability  to  have  steady  combustion  at  high  temperatures  Is 
determined  by  the  physical  structure  of  the  powder  elements  -  their 
density,  stability,  and  absence  of  pores  (or  by  a  small  quantity  of 
them).  In  connection  with  this,  the  combustion  proceeds  only  along 
the  surface  of  the  powder,  which  burns  In  parallel  layers.  Tliis 
makes  it  possible  to  control  the  powder  combustion  process  in  the 
weapon  by  a  suitable  selection  of  the  sizes  and  shapes  of  the 
powder  elements.  Figure  $0  shows  the  curves  for  changes  in  press¬ 
ure,  developing  in  the  bore  of  a  weapon  at  firing.  The  x-axis 
shows  the  travel  of  the  projectile  and  the  y-axis  the  pressure  in 
the  bore. 
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Fig.  50  -  Curves  for  tbe  pressure  developing  in  the  boro  at  firing 


At  the  origin,  the  coordinate  corresponds  to  the  initial 
position  of  the  base  of  the  projectile.  As  the  combustion  develops, 
the  pressure  in  the  initial  air-space  will  begin  to  rise,  and  at  a 
certain  moment.  It  will  cause  the  projectile  to  be  set  in  motion 
along  the  bore,  overcoming  inertia  and  bite  of  the  rotating  band 
in  the  rifling. 

A  rapid  rise  in  the  pressure  occurs  in  the  Initial  period  of 
the  projectile’s  travel,  attaining  a  certain  maximum  P^.  From 
this  moment,  the  pressure  begins  to  fall  on  account  of  the  fact 
that  the  volume  of  the  initial  air-space  grows  more  rapidly  than 
the  influx  of  the  powder  gases.  After  completion  of  combustion 
of  the  powder,  the  velocity  of  the  projectile  continues  to  rise 
under  the  action  of  the  expending  powder  gases. 

The  work  of  the  expansion  of  the  powder  gases,  upon  which  the 
muzzle  velocity  of  the  projectile  depends,  is  equal  to  the  work  of 
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the  force  propelline  the  projectile  alonjr  the  tube,  l.e. 


l,mt$ 


I 


pdt. 


vfhere  S  -  the  crosB  pectloh  of  the  projectile  upon  which  the 
powder  gases  pressj 

J.Q  -  boro  length  (distance  from  beginning  of  rifling  to  mnzzle 
face) . 

The  same  work  can  be  accomplished  for  different  values  of  the 
maximum  pressure  in  relation  to  the  law  of  gas  formation  dur¬ 
ing  the  combustion  of  powder.  This  can  bo  readily  seen  from  a 
comparison  of  curves  1  and  2  in  Figure  $0.  Curve  2,  for  which  the 
value  Pm  is  minimum  st  a  constant  value  is  the  ideal  pressure 
curve . 

One  of  the  fundamental  needs  set  forth  for  a  powder  is  that 
it  should  burn  inparallel  layers;  only  in  this  case  is  it  possible 
to  control  the  gas  influx  by  a  selection  of  the  size  and  shapes 
of  the  powder  elomentSi  and  to  make  sure  that  the  necessary  ballis¬ 
tics  firing  indexes  are  obtained.  It  is  obvious  that,  with  ran¬ 
dom  combustion  rates  wblcb  change  from  one  round  to  another i  it 
is  necessary  to  obtain  uniform  ballistics  results.  Colloid  pow- 

f 

ders  fully  satisfy  this  requirement,  while  black  powder  doea  this 
only  at  a  density  of  1.8  g/cm^  and  above.  However,  the  prepuru- 
tion  of  such  a  powder  is  difficult. 


2.  ClaRslficatlO'i  of  Colloid  Powdora 

Celluloeo  nltreteB  -  nltro-cellulORAB  (see  below)  -  are  the 
bapic  colloid  powderp.  bepondinst  on  the  solvent  uped  for  eelptin- 
IzinK  the  pyroxylin,  colloid  powders  are  divided  into  two  baplc 
groups j 

!•  Pyroxylin  powders  on  a  volatile  polvent  which  is  almost 
completely  removed  from  the  powder  durlviK  production. 

2.  Powderp  on  a  difflcult-to-volntillze  solvent,  all  of 
which  remains  in  the  powder. 

Nitroglycerine  and  diglyool  powders  are  the  most  important 
representatives  of  powders  on  the  dif f icult-to-volatilize  solvent. 

Nitroglycerine  powders  are,  in  turn,  divided  into  hallis- 
tites  and  cordites. 

Balllstltes  are  powders  produced  on  a  base  of  nitroglycerine- 
dlssolved  pyroxylin  with  a  low  nitrogen  content,  called  colloxylln. 

Cordites  are  powders  which  ore  produced  on  a  base  of  pyroxy¬ 
lin  with  high  content  of  nitrogen,  or  containing  a  large  amount 
of  collyxylln.  In  both  of  these  cases,  the  nitroglycerine  entor- 
ing  into  the  composition  of  the  powder  does  not  assure  a  complete 
gelatinlzatlon  of  the  nltro-cellulose .  A  supplementary  volatile 
solvent,  which  is  removed  from  the  powder  during  later  stages  of 
production,  Is  used  for  complete  gelatinlzatlon.  Acetone  is 
used  as  the  volatile  solvent  for  high-nitrogen  pyroxylin,  while 
an  alcohol-ether  mixture  is  used  for  colloxylln. 

Beginning  with  World  War  II,  many  countries  started  to  use 
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rt'clynol  powder,  pHed  to  tbe  t»1  troelyrori  no  bplllptltefl  in  com- 
popitlon  pnd  propertlep,  but  contnininp  dieti'ylenoelycoi-di  ni  tratn 
Inpteod  of  nl troplyeerlnep. 

3.  MATKPIALf!  UPEP  T\  TT»E  PHOPPCTION  OF  rOELOIP  POWPEPP . 

Tlte  propertlep  and  oietbod  of  obtnlnlne:  nitroglycerine  end 
dlnltroglycol  were  depcrlbed  on 

1.  Pyrorvli n  Ip  p  nitric  odd  epter,  or  rellulope  nitrete, 
wblrb  Ip  pIpo  celled  nitro-cellulope. 

Cellnlope  1p  need  for  tbe  production  of  pyroxylin.  Tt  Ip 
found  In  cottom,  wood,  flex,  bemp,  etrew,  etc.,  In  emountp  very- 
Ing  from  (cotton)  to  (wood).  Pure  cellulope,  wbich 

Ip  obtfilned  from  tbe  plant  raw  materiel  by  p  ppeclel  cberalcel 
trentraent.  Ip  need  for  tbe  production  of  bi gb-quellty  pyroxylin. 

A  molecule  of  cellulope  coneipte  of  n  lerge  number  of  iden¬ 
tically  formed  and  Interllnlced  glucoee  rndlcalp  * 

CHjOH 

^.Ih— 0. 

CH  CH-OH 

\h — 

•-«{1h  oil 


CHjOH 

in - 


/ 

HO-CH 

\h - CH 

flu  nn 


^  I  / 


CH,OH 

.c!h - ( 


CH- 

Ah 


\h- 


-(iH 

L 


Therefore,  tbe  general  formula  for  cellalot*  bat  tbe  form 
where  n  Ip  the  number  of  flucope  rodlcalp.  Cellulope  doep  not 


conplnt  of  Irtentlopl  molor.ulop  of  p  ppenific  len?fh,  'but  of  p 
ralTture  of  raolecnlop  with  vorylnr  nmonntp  of  eluropo  triUcpIp, 
which,  Bccorfllnr  to  the  dote  of  various  repearcherp,  fluctuate 
from  peveTPl  hundred  to  peveral  thoupand.  Tn  wrltlne  the  chemi¬ 
cal  reactionp,  It  1r  conventional  to  exprepp  cellulose  by  the 
fortnulp  for  the  elucope  radical  C,V..O. . 

Fvery  sclucope  radical  contains  three  hydroxyl  eroupp  OK. 
Namely,  these  hydroxyl  groups  react  with  nitric  add  according 
to  the  equation  1 

C«H,O,(0H)8+mHNOs=C,H,O,(OH)s-«(0N0,)«rfmH,O, 
where  m  Ip  1,  ?,  or  3. 

As  a  result  of  this  reaction,  the  OTI  groups  are  replaced  by 
ONOjg  groups,  called  nitrates.  Depending  on  the  condltlonp,  not 
all  of  the  OK  groups  can  be  replaced  by  the  nitrate  groupp,  but 
only  a  part  of  them.  For  this  reason,  not  one,  but  several 
pyroxyllnp  with  yprlous  degree  of  esterification,  are  obtained. 

Cellulose  Is  not  nitrated  by  pure  nitric  acid,  but  with  p 
mixture  of  this  aold  with  sulfuric  odd.  The  reaction  of  the 
cellulose  with  the  nitric  add  Is  pocompanled  by  the  separation 
of  water.  The  water  dilutes  the  nitric  acid,  which  weakens  its 
nitrating  action.  Kowever,  the  sulfuric  add  takes  up  the  water 
which  then  cannot  Impede  esterification. 

The  more  concentrated  the  add  mixture,  i.e,  the  lower  the 
water  content,  the  greater  Is  the  degree  of  the  oellulope  esterl 
floation.  Pyroxylin  with  a  prescribed  degree  of  esterification 


can  be  obtnlned  by  a  anltable  choice  of  the  oompoeltlon  of  the 
acid  mixture. 

PormB  of  nitratee  of  oelluloee.  The  structure  of  oellulope 
should  be  expressed  by  some  definite  formula,  becsuee  It  is  not 
homogeneous  with  respect  to  amount  of  molecules.  This  perteins 
to  a  still  greater  degree  to  nitrates  of  cellulose  which  consist 
of  molecules  which  are  not  homogeneous  In  degree  of  esterifica¬ 
tion. 

Therefore,  nitrocellulose  Is  characterized  by  the  nitrogen 
content  in  It,  determined  by  chemical  analysis  or  by  the  degree 
of  esterification  (number  of  nitrate  groups  found,  on  the  average, 
in  the  glucose  radical). 

For  practical  reasons,  the  following  forms  of  nitrocellulose 
which  are  used  in  powder  production,  are  differentiated: 

a*  Colloxylln.  Nitrogen  content  is  11.5-12*0^»  Completely 
soluble  in  ether-alcohol  mixtures. 

b.  Pyroxylin  No.  2.  Nitrogen  content  is  12.05-12.4^^.  At 
least  90^  of  it  is  dissolved  in  ether-alcohol  mixtures. 

c.  P.  1.  Mandeleyev  Pyroxylin.  Contains  12.45f,  nitrogen. 
Solubility  is  at  least  95^  In  ether-alcohol  mixtures. 

d.  Pyroxylin  No.  1.  Nitrogen  content  la  13.0-13.5*^5.  Solu¬ 
bility  in  ether-alcohol  mixtures  is  from  5  to  10^. 

e.  Blended  pyroxylins.  These  consist  of  a  mixture  of 
Pyroxylins  No.  1  and  No.  2,  and  contain  from  12.7  to  13.1'^5  nitro¬ 
gen.  The  solubility  in  ether-alcohol  mixtures  la  ?5  to  50’^* 
propagation  between  the  two  types  of  pyroTcylln  In  the  mixture 
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VBrlouH  for  different  powdere. 

Pyroxylin  Production.  The  production  of  pyroxylin  congletH 
of  the  following  operetione:  nitration  of  the  celluloee,  waehin^ 
and  etabllistatloni  compopltlon  of  aRgre^atep,  flnlphlne  treatment. 

Nitration  of  Cellulope.  The  celluloee  Ip  Iramerped  in  n  mix¬ 
ture  of  nitric  end  pulfurlc  acidp  and  It  ip  ptlrred  in  thlp  mix¬ 
ture  for  a  predetermined  time  at  a  preecrlbed  temperature. 

Vaphing  and  ptabllization  of  nltro  cellulope.  After  the  nl-  • 
tratlon  Ip  flniphed,  the  acid  ip  removed  from  the  formed  pyroxylin 
in  a  centrifuge.  Generally,  a  quantity  of  ppend  acid,  which  ip 
approximately  equal  to  the  pyroxylin  by  weight,  remalna  in  it 
after  centrifuging. 

The  blggept  part  of  thip  acid  ip  removed  by  waphing  In  cold 
water.  After  thle,  the  pyroxylin  contalnp  the  following  reeiduep* 

a.  at)  1  npl  gnl f  1  cant  amount  of  pulfur’C  and  nitric  ac'dp 
(around  l'%)i 

b.  varloup  Pllghtly  atable  admlxtiirae  which  were  formed  dur¬ 
ing  nitration  (pulfurlc  acid  epterp  of  cellulope  and  nitric  acid 
eptorp  of  peocharlno  piihptancep). 

The  procepB  of  removing  thepe  admlxtnrep,  called  Ptabllization . 
oonpiptp  of  the  followingJ 

a.  Hot  waphing  in  vatn.  An  acid  bath  ip  performed  at  flret. 

A 0*S%c61ution  of  pulfurlc  acid  ip  need  in  order  to  accelerate  the 
dlplntegratlon  of  the  pligbtly-ptable  admixturee,  and  after  that, 
by  an  alkali  (with  pode  admixture)  in  order  to  neutralize  the  acid. 
All  of  thepe  waphingp  are  done  through  boiling. 


b.  Pulverization  in  a  bollander.  Pyroxylin  conniPtB  of 
neparate  fibera,  bein^  narrow  oapillariea,  wblnb,  during;  nitra¬ 
tion,  are  occluded  with  acid.  Tbia  acid  la  very  difficult  to 
remove  from  the  fiber  by  waphinc.  In  order  to  remove  thia  acid, 
it  ia  neceaaary  pulp  the  flhera  ao  that  their  inner  cnvltlea 
could  be  expoaed.  Tn  addition,  pulped  pyroxylin  cen  be  more 
roedily  proceaaed  In  powder  production,  and  the  powder  which  la 
obtained  ia  more  homopeneoua. 


1. 

bollander  trough 

2. 

longitudinal  baffle 

3. 

drum 

4» 

drum  knivas 

5. 

atationary  knivea 

6, 

inclined  trough  bottom 
(hillock) 
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The  pyroicylln  is  pulverized  In  hollnnders  between  the  knlvon 
whioh  ere  fastened  to  the  revolving;  drum  and  the  stationary  knives 
which  are  mounted  In  the  hollander  trough .  The  construction  of  a 
hollander  Is  schematically  shown  in  Figure  . 

c.  Poaching  in  scrubbers,  iviien  the  cellulose  is  pulverized 
In  the  hollanders,  not  only  acid  residue,  but  also  the  slightly- 
stable  admixtures  which  were  not  disintegrated  in  the  hot  work¬ 
ings  are  separated  out  of  the  fiber.  The  pulped  pyroxylin  is 
therefore  subjected  to  poaching  In  n  scrubber.  Figure  5?  shows 
the  construction  of  a  scrubber. 

The  above-described  complex  and  lengthy  process  of  washing, 
pulverizing  and  poaching  is  necessary  for  obtaining  a  chemically 
stable  pyroxylin,  which  is  one  of  the  basic  conditions  for  sub¬ 
sequently  obtaining  a  chemloally  stable  powder  which  is  suitable 
for  prolonged  storage. 


Fig.  52  -  Scrubber  (diagram) 

1.  steam  2,  pasty  mass  3.  water 
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CoinpoFiltlon  of  the  'bntolit  Tnrtivlflnnl  'bntchep  of 

pyroxylin  ore  pomowTiPt  dlfforent  in  propertloPt  So  fhpt  s  bonio- 
eenooufl  matorlBl  ooulrt  be  obtained |  It  Ip  neooppary  to  intermix 
peveral  betcbop  into  one  bi|?  one,  cnllefl  tbe  aggregate  bntnb. 

Tn  addition,  piicb  an  Intertnlxlne  Ip  necopaary  for  obtaining 
blended  pyroxylin  from  the  varloup  forme  of  nltrocellulopo  f for 
liiRtonoe,  from  pyroxylin  Noe.  1  and  ?). 

Tbe  pyroxylin  batcbee  are  mixed  in  Iron  or  Iron-concrete 
mlxere. 

Plnl Rhine  treatment  of  pyroxylin.  After  mixing  tbe  pyroxylin, 
tbe  random  admlxturoR  and  large  quantity  of  water  have  to  be  re¬ 
moved  from  It.  Tblp  Ib  done  In  the  following  manner: 

a.  tbe  wnter-ROaked  pyroxylin  Ir  pepped  through  a  pcreen  ro 
that  It  could  be  peparated  from  tbe  non-metalllc  admlxturea,  and 
through  an  electromagnetic  field  bo  that  iron  fllingp  and  ohlpB 
could  be  removed. 

b.  the  batch  coming  from  the  electromagneta  contalnp  up  to 
water,  which  Ip  removed  et  flrat  by  wrlneere  or,  more  fre¬ 
quently,  by  meanp  of  settling  tbe  pyroxylin  and  then  decanting 
the  water,  and  then  centrifuging,  where  the  water  content  in  the 
pyroxylin  le  reduced  to  approximately  30'^-,  The  pyroxylin  Is  then 
ready  for  powder  production. 

2.  ’Vitrccellulope  SolventB.  Nitrocellulose  solvontp  nro 
substanoee  wT’lch  form  plastic,  colloidal  syptems  with  tbe  nitro- 
cellulosee.  Ethyl  alcohols  and  simple  ethers  are  not  solvonte 
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for  nltrooellulOBeB  used  In  the  powder  Indnetry  -  they  only  cpubo 
them  to  swell  up, 

A  mixture  of  ethyl  alcohol  with  diethyl  ether  (ether-elnohol 
mixture)  proves  to  he  a  good  solvent  for  colloxyllns,  pyroxylin 
No.  2  end  collodion.  This  mixture  is  widely  used  In  the  powder 
Industry. 

Acetone  Is  the  most  effective  solvent.  It  celntinlKea  all 
nitrocelluloses,  from  colloxyllns  to  pyroxylins,  with  the  high¬ 
est  degree  of  esterification. 

Nitroglycerine  and  dlglycol  dlnltrate  are  solvents  for  colloxy 

11ns. 


3.  Stabilizers.  Diphenylamlne  ((C.li  )-NlT)  is  used  as  a 
stabilizer  In  pyroxylin  powders. 

The  stabilizing  effect  of  diphenylamlne  Is  based  on  the  fact 
that  it  readily  reacts  with  the  initial  products  of  the  decomposi¬ 
tion  of  nitrocellulose  -  nitrogen  oxides  and  nitric  and  nitrous 
acids  -  forming  chemically  stable  nltroso-  end  nitrocompounds, 

Diphenylamlne  acts  in  a  saponifiable  manner  on  nitrocellulose, 
even  more  intensely  on  nitroglycerine  and  dlnltrodiglycol .  It  is 
allowed  In  pyroxylin  powders  in  an  amount  not  exceeding  2'^?,  while 
It  is  not  at  all  permitted  In  powders  on  a  dlf f Icult-to-volatilize 
solvent. 

Derived  ureas  -  oentralites  -  are  used  as  stabilizers  In  pow¬ 
ders  on  a  dlf flcult-to-volatiliz0  powder.  They  can  also  readily 
react  with  the  nitrogen  oxide  and  nitric  and  nitrous  acids,  form¬ 
ing  chemically- stable  nltroso-  and  nitrocompounds.  Oentralites 
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nro  white,  CTyRtalllne  Rubetanoes,  eoluble  in  nitroglycerine. 

U,  PlRflticlzere.  Rnpplementary  ROlrentR,  which  accelerate 
the  gelatinization  proceRR  and  which  remain  in  the  ready  powder, 
are  generally  ueefl  in  the  production  of  powderp  with  a  difficult- 
to-volatlllze  aolvent.  Such  eubBtanoep  ere  called  ulaRtioizere. 
Non-volatile  aubBtanoefl  euoh  ae  dinitrotolnene ,  dlni troani roIo 
and  others  ere  used  as  plasticizers.  Tentralitosi p  a  simultane¬ 
ous  plapticlzer  and  stabilizer. 

5.  Plegmatlzere.  These  are  subBtancop  which  reduce  the  com- 
bufltlon  rate  of  a  powder.  Camphors,  for  instance,  are  used  as 

f lecmatizers. 

Camphor  is  a  solid,  volatile  substance  with  a  characteristic 
odor.  It  la  difficult  to  dissolve  in  water,  but  dissolves  readily 
in  alcohol, 

6,  Graphite.  Plnely-granulated  and  laminated  powders  are 
covered  with  a  thin  film  of  graphite  bo  that  electrification  of 
the  powder  and  blocicing  of  the  groins  would  be  eliminated.  In 
addition,  graphltlng  Increases  the  gravimetric  density.  Nor  in¬ 
stance,  graphiting  made  it  possible  to  increase  the  gravimetric 
density  of  rifle-cartridge  xwwder  from  0.5  to  0.7  kg/deolraeter^ ; 
thereby  the  capacity  of  the  cartridge  case  was  increased  from  2*5 
to  3.4fi  g  of  powder, 

4.  Production  of  Pyroxylin  Powders 

The  production  of  pyroxylin  powders  consists  of  the  following 
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operatlonp  (for  cannon  powderp)t 

1.  dehydration  of  the  pyroxylin, 

2.  mixing  the  pyroxylin  with  solvent, 

3.  hlocklne, 

U.  preliminary  sun-drying, 

5.  cutting, 

6.  second  sun-drying, 

7.  separating  (sorting), 

8.  soaking, 

9.  drying, 

10.  composing  smell  batches, 

11.  composing  aggregate  batch, 

12.  packing, 

13.  physico-chemical  and  ballistics  tests. 

In  the  production  of  rlfle-cartrldge  powders,  flegmatlzatlon, 
graphltlng,  peparatlon  of  the  graphited  powder,  second  drying, 
mixing  of  small  and  aggregate  batches,  packing,  and  physlco- 
chemical  and  balllstlce  tests  are  carried  out  after  It  has  been 
dried , 

Dehydration  of  -nyroxylln.  Water  hinders  the  swelling  of 
pyroxylin}  it  Is  therefore  necessary  to  reduce  Its  content  to 
some  definite  limit  (no  more  than  .  In  this  case,  it  is 

necessary  to  directly  dry  by  hot  air  on  account  of  the  danger  of 
inflammation  and  explosion.  Pyroxylin  can  be  dehydrated  by  al¬ 
cohol,  which  dislodges  the  water  easily. 

The  role  of  alcohol  during  dehydration  of  pyroxylin  Is  not 
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limited  to  tbe  diplodprement  of  water*  Alcohol  dlppolvep  the  low- 
nitrocon  cellnloBO  nitratee  and  the  unstable  admixtures,  which  In- 
creoaep  the  nitrogen  oontenet  In  the  pyroxylin  and  increasep  its 
chemical  ptabillty. 

7fixlug_tlie,_T)yroxylin_wlth  the  solvent  and  urepBlng.  The 
hapic  phape  of  production,  whore  the  pyroxylin  Ip  converted  into 
powder,  ip  the  gelatlnlzatlon  procepp  which  takes  place  during 
the  mixing  of  the  pyroxylin  with  polvent  and  blocking. 

In  the  flrpt  stage,  the  pyroxylin  particles  soak  up  the  sol¬ 
vent  and  pwoll  up.  This  operntion  is  cerrled  out  in  special 
blenders  into  which  the  alcohol-dehydrated  pyroxylin,  a  corres¬ 
ponding  amount  of  ether  (in  the  case  of  necessity,  elcohol  Is 
Hilded),  and  stabilizer  are  loaded.  A  more  or  less  homogeneous, 
ifelly-llke  block  Is  formed. 

The  block  is  then  placed  into  a  steel  die  where  it  is  ex¬ 
truded  into  powder  tuhee,  strips,  ribbons,  cords,  etc.  of  a 
given  size.  The  pressure  of  pressing  is  within  Umlts  of  300  - 
500  kg/cm  .  The  gelatlnization  procesp  of  the  powder  block  tor- 
ininltes  during  the  preealng.  The  block  becomes  compect  and  tranp- 
parent. 

A  powder  blocking  die  for  a  tubular  greined  powder  (T’igure  $S> 
ip  a  pteel  cylinder  which  contains  a  racess  for  the  needle  holder 
in  the  upper  part.  The  recess  hes  a  conical  papsege  which  1p 
attached  to  the  cylinder  mouth.  The  needle  1r  popltloned  along 
tills  axis. 
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PiR*  53  -  Powfler  'blocking  f!le  for  tnlwlnr-firrainon  powrior 

1.  Steel  cylinder  ?.  needle  holder  3.  noerlle 

The  die  for  hlocklns:  powder  with  7  perforatlonn  (^isc.  5^) 
hns  aeven  noedlee  ingteed  of  one.  The  oroaa  aeotlonal  nrep  of 
the  opening  through  which  the  powder  block  enters  the  oonicnl 
area  should  be  much  larger  than  the  cross  sectional  area  of  the 
cylinder  mouth  of  the  die.  In  a  contrary  esse,  the  powder  block 
will  not  bo  sufficiently  compressed.  The  block  will  not  hold 
together  after  it  has  been  disunited  by  the  needles,  and  the 
powder  will  then  be  of  a  dissimilar  mnchenlopl  stphlllty. 

The  blocked  powder  is  subiectod  to  shrlnkp^e  in  further 
operations,  l,o.  the  Initial  sItios  ere  decreased.  The  araotmt 
of  shrinkage  depends  primarily  upon  the  solvent  contont.  Tt 
also  depends  on  the  quality  of  the  pyroxylin,  blocking  conditions, 
etc.  It  has  been  established  by  practice  that  thickness  shrink¬ 
age  ig,  on  the  average,  equal  to  30  -  slTies  are 

solocterl  with  a  consideration  for  subsequent  shrinkage  of  the 
powder. 
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■’’ic;.  54  -  Powder  bloolclnp  di©  for  powder  with  7  porforetions 
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P.rellmlnagy  aun^drvlng  and  putting  of  the  Dowdor.  The  pow> 
dor  coming  out  of  tlie  die  oontalne  around  40f?i  of  the  ether-alcohol 
solvent,  end  It  ie  therefore  oaelly  deformed.  Wlien  cutting  it, 
it  is  necessary  to  give  it  some  meohnnlcal  stchllity  by  e  partial 
removal  of  the  solvent,  which  is  done  by  the  so-called  sun-drying,** 
After  solvent  recovery,  e  large  amount  of  solvent  still  remains  in 
the  powder,  which  is  needed  so  that  burrs,  chips,  cracks,  etc. 
would  not  appear  during  cutting.  The  cutting  of  cords  or  tubes 
for  powder  elements  is  done  on  special  machines. 

A  uartlcle  element  is  a  particle  of  powder  of  a  prescribed 
form  and  size  (tablet,  cord,  tube,  etc,).  Powder  elements  wblcb 
are  friable  are  called  grains. 

Second  Bun-drvlng  and  seoaration  of  powder.  The  powder  still 
contains  a  lot  of  solvent  after  cutting,  which  is  reduced  to  approxi¬ 
mately  15‘^o  by  a  second  solvent  recovery  operation,  and,  after  that, 
it  la  separated  (sorted)?  thereby  dust,  powder  elements  of  irregu¬ 
lar  shape  or  size,  etc.  are  removed. 

Soaking.  The  solvent  content  i||  the  ready  powder  should  he 
reduced  to  0.5  -  5%  (depending  on  the  weh  thickness).  However, 
this  is  very  difficult  to  do  by  drying,  because  when  the  solvent 
content  is  less  than  ISfe,  the  drying  rate  drops  rapidly.  The 
external  layers  of  the  powder  dry  quicker,  the  pin  holes  are 
covered  up,  end  It  heoomes  more  difficult  for  the  solvent  to  get 
out  of  the  layer.  Therefore,  water  soaking  is  used.  In  soaking, 
the  pin  holes  in  the  surface  layers  are  not  covered  over  and  the 


-  180  - 


polvont  ip  reraovefl  quickly.  When  the  powder  ip  not  sooked  tliorouElily ♦ 
it  has  e  decreased  density,  which  worsens  Its  ballistics  quality. 

Drying,  /fter  the  powder  has  been  soaked,  It  Is  dried  nt  n 
toraporaturo  of  about  50^i  so  that  the  moisture  absorbed  durlne: 
soaking;  can  bo  removed. 

Finally,  after  drying,  where  the  powder  Is  generally  over¬ 
dried,  the  powder  is  lightly  humidified  (keeping  it  In  a  damp 
atmosphere)  so  that  the  moisture  content  could  be  brought  to  the 
norm  prescrihed  by  technical  conditions. 

Composition  of  the  Aggregate  Batch.  The  dry  powder  which  has 
been  obtained  In  separate  apparatus  Is  then  intermixed  so  that  r 
homogeneous  aggregate  botch  could  be  formed.  The  ready  hatch  Is 
packed  into  hermetleally-sealed  oases  (galvanised  Iron  chest),  so 
that  a  constant  content  of  the  residual  solvent  and  moisture  could 
be  preserved  In  the  powder.  This  Is  necessary  in  order  to  main¬ 
tain  unvarying  ballistic  properties, 

5,  Powders  on  Dlff Icult-To-Volatlllze  Solvent 

Table  XXVITI  shows.  In  the  nature  of  an  example,  the  com¬ 
positions  of  four  brands  of  powders  on  a  solvent  wblcb  Is  diffi¬ 
cult-  to-  volatilize. 

Powder  elements  on  a  difficult-to-volatillze  solvent  are 
produced  In  the  form  of  tablets,  cords,  tubes,  rings,  disks,  or 
ribbons  without  perforations. 


'TABLE  XXVIII 

Examplen  of  powders  on  o  dlf flcultly-volntlle  advent 


Maine  of  component! 

Content  of  components  In  io 

Cordite 

j. 

BaUistite 

Diglycol 

powder 

Miaoguanidine 

powders 

Blended  pyroxylin 

1 

65 

•M* 

Colloxylin 

— 

58,5 

66 

42 

Nlttoglycerine 

2iB,5 

ao 

— 

— 

Olniaodlglycol 

— 

23,0 

IB.S 

Mittoguanidlne 

•i. 

30,0 

Cenaallte 

2 

3 

8.7 

1.1 

Other  itabiUzen 

1.8 

0,5 

Other  pluticlzen 

4,1 

7.7 

Dinitroderlvativei 

7,6 

Vaseline 

3.5 

1 

Acetone  (above  100^) 

1 

1.5 

Moisture  (above  lOO^b) 

0,6 

0.5 

_ 

Graphite  (above  100‘li!)) 

0,1 

0.1 

Potassium  sulfate 

1 

Magnesium  oxide 

~ 

- 

0,1 

0.1 

Note;  Comma  represents  decimal  point. 
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I.  Nltroglycorlvia  powdere  of  the  ballletlte  tyne.  T^e 
powder  components  of  tlie  balllstlto  type  ere  15160(10(1  In  worm 
weter.  Tills  causes  a  swelllni?  of  the  oellulose  nitrates  In  the 
solvents . 

After  tlie  water  has  been  squeezed  out,  the  powder  block  is 
repeatedly  passed  through  hot  rolls.  A  further,  almost  complete, 
water  removal  occurs,  and  the  powder  block  gelatinizes  and  densi- 
fies.  It  ip  then  rolled  Into  rolls  and  extruded  through  an 
appropriate  die  Into  tubes  or  cords.  The  tubes  and  cords  ere 
then  cut  to  the  required  sizes. 

If  the  powder  is  desired  In  tablet  form.  It  is  passed  through 
rolls  (calenders)  with  a  closely  regulated  clearance.  The  thin 
sheets  which  are  obtained  are  then  cut  up  into  tahlets  of  the  de¬ 
sired  size. 

?.  hlelyool  powders  uf  the  halllstlte  type.  The  method  of 
production  Is  analogous  to  the  balllstlte-type  nitroglycerine  pow¬ 
ders.  By  Iraheddlng  nl troguanldino  Into  the  composition  of  t’^o 
glycol  powder  (see  Table  XXVTII),  the  combustion  rate  can  be  in¬ 
creased.  This  type  of  powder  was  used  In  the  base  charge  of  some 

multisection  charges  in  the  German  Field  Artillery  Arm  (see  page 

202). 

3.  yitroglycerlrie  powders  of  the  cordite  type.  According 
to  one  of  the  methods  for  producing  cordite  powder,  nitrocellulose 
and  nitroglycerine  are  blended  under  water;  then  the  water  is 
squeezed  out  by  rolls,  the  squeezed-out  block  is  then  transferred 
to  the  blender  where  acetone  and  other  powder  components  are  added. 
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After  "being  proceeded  In  tbe  "blender,  the  powder  block  Is  rolled 
and  blocked  through  dies  into  cords  and  tubes,  which  ore  then 
passed  on  to  the  cutters.  Then  the  powder  elements  are  dried  so 
that  the  acetone  can  be  removed, 

6,  Properties  of  Colloid  Powders 

1.  Physical  properties.  The  density  of  a  powder,  which  Is 
of  great  practical  Importance,  depends  primarily  upon  the  composi¬ 
tion.  This  density  fluctuates  from  1.56  to  I.65  g/cm^  for  vari¬ 
ous  types  of  powders.  Nitroglycerine  powders  have  a  density  from 
1,5^  to  1.62  g/cm^. 

The  gravimetric  density  of  granulated  pyroxylin  powders  fluc¬ 
tuates  from  0.6  to  0,9  kg/decimeter^.  It  depends  upon  the  density 
of  the  powder,  and  sizes  and  shapes  of  the  powder  grains.  The 
maximum  possible  charge  at  prescribed  sizes  of  the  shell  case  or 
powder  chamber  in  the  tube  depends  upon  the  gravimetric  density. 

"Ungranulated  powders  (cords,  tubes,  etc.)  are  not  firable,  in 
their  case,  the  mxlmum  seating  capacity,  rather  than  the  gravi¬ 
metric  density,  is  determined.  This  is  the  largest  weight  of 
cord  or  tube  powder  increments  placed  in  a  unit  of  volume  (deci¬ 
meter^)  of  the  shell  case  without  being  forced  in.  The  maximum 
seating  capacity  for  monoperforated  or  cord  powders  attains  O.P 
kg/deoiraeter'^ . 

2.  The -content  .of  moisture  and  residual  solvent.  The  con¬ 
tent  of  volatile  substances  in  pyroxylin  powders  is  of  great 
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Importance.  The  same  is  true  of  water  in  nltroslycerine  powtiors. 
The  volatile  Bubstanoes  In  pyroxylin  powdert?  are  the  residual 
solvent  (alcohol,  other)  and  water.  The  water  content  in  pyroxy¬ 
lin  powders  Is  usually  from  1  to  5^,  and  the  residual  solvent  con¬ 
tent  is  from  O.5  to  5‘^f  depending  on  the  size  of  the  powder  grain. 

Because  it  is  difficult  to  determine  the  residual  solvent 
and  water  separately,  the  overall  volatile  substance  content,  end 
the  content  of  volatile  substances  which  were  removed  by  a  six- 
hour  drying  of  the  powder  at  95°i  ei©  determined.  Puring  this 
plz-hour  powder  drying  period,  all  of  the  water  and  a  small  amount 
of  the  residual  content  in  nitroglycerine  powders  is  ?.  to  3  times 
lower  than  in  pyroxylin  powders. 

3.  Ballistic  properties  of  powders.  The  ballistic  proper¬ 
ties  of  powders  are  evaluated  by  the  muzzle  velocity**  of  the  pro¬ 
jectile,  maximum  pressure  of  tbe  powder  gases,  and  the  probable 
deviations  of  the  muzzle  velocities  in  a  series  of  firings. 

The  ability  of  a  powder  to  preserve  the  oonstnncy  of  these 
three  qualities  during  its  prolonged  storage  is  called  the  ballis¬ 
tic  stability  of  A^nawdat . 

The  probable  deviations  of  the  muzzle  velocities  of  a  pro¬ 
jectile  upon  being  fired  from  ono  and  the  same  weapon  depends 
upon  the  quality  (homogeneity)  of  the  powder,  upon  the  accuracy 
of  weighing  and  arrangement  of  the  charge.  Consequently,  with 
accurate  weighing  and  correct  charge  arrangement,  the  probable 
deviations  characterizes  the  ability  of  the  given  powder  to  assure 
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uniformity  of  rau7zlQ  velooltiee,  l.e,  accuracy  of  fire.®* 

4.  Electrification  of  oolloid  uowdera.  The  ability  of  pow- 
fler  grains  to  become  easily  electrified  during  blocking,  where 
the  static  tlectrlolty  voltage  can  reach  10,000  volts,  is  of 
practical  importance  from  the  point  of  view  of  safety  engineering. 
An  electric  spark  can  originate  at  such  a  high  voltage.  This 
spark  will  not  Inflame  the  powder  grains  on  account  of  the  brevity 
of  the  electric  charge,  but  it  can  Ignite  the  powder  dust.  The 
burning  of  the  dust  can  ignite  the  powder. 

The  hazard  which  is  associated  with  electrification  can  be 
removed  by  grounding  the  metal  parts  of  tho  devices  with  which 
powder  operations  are  conducted,  by  removal  of  the  powder  dust 
from  the  work  chamber  or  from  the  very  powder  itself  (by  screen¬ 
ing),  and  by  graphltlng  the  powder  grains. 

5.  Comparison  of  the  properties  of  powders  on  a  volatile 
and  difficult-to-volatillze  solvent. 

a.  pyroxylin  powders  can  alter  the  moisture  content  and 
lose  a  part  of  the  TMfdMl  solvent  to  a  much  greater  extent  than 
nitroglycerine  powders.  Both  of  these  factors  lower  the  ballis¬ 
tic  stability  of  pyroxylin  powders  in  comparison  with  the  nitro¬ 
glycerine  ones. 

b.  the  production  process  of  xvroxylln  powders  is  quite 
long,  which,  in  the  case  of  granulated  powders,  is  from  6  to  10 
days,  and  in  the  case  of  some  shapes  of  powders  with  a  big  web 
thickness,  it  can  be  more  than  a  month.  Conversely,  in  the 
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OBse  of  bfillifitlte-type  powflerB,  faet  proflnctlon  Is  cliaracterlstlc 
(on  account  of  the  elimination  of  volatile  solvent  removal,  sun 
arying  and  soaking  processes,  the  production  time  is  around  6 
hours) . 

0.  The  shrinkage  of  powder  elements  on  a  volatile  solvent 
is  much  greater  than  that  of  ballistite-type  powders.  Therefore, 
the  shape  of  ballistite  powder  elements  is  more  regular  than  of 
pyroxylin  powders. 

d.  The  powder  elements  of  a  ballistite  type  powder  can  be 
produced  with  a  bigger  web  thickness  than  pyroxylin  powder  ele¬ 
ments. 

6.  The  oslorlflc  value  of  nitroglyoerlne  powders  can  bo 
changed  \vlthln  limits  from  65O  to  1300  kllocal/kg  by  an  appropri¬ 
ate  selection  of  the  formtila,  whereas  the  heat  value  in  pyroxylin 
powders  can  be  changed  within  the  relatively  narrow  limits  of  7OO  - 
1000  kilocal/kg. 

ft  The  strength  of  some  of  the  ballistite-type  powders  and 
of  all  the  cordite  powders  is  greater  than  that  of  the  pyroxylin 
ones. 

g.  The  cost  of  ballistite-type  powders  is  20  to  30^  less 
than  the  cost  of  pyroxylin  powder, 

h.  An  intrinsic  defect  of  some  formulas  for  some  ballistite- 
type  powders  and  all  cordite  powders  is  the  increased  barrel 
erosion. 

1.  Nitroglyoerlne  can,  under  certain  conditions,  ooze  out 


of  the  powfler  (this  Is  called  exudation),  whereupon  the  hallistlo 
properties  are  changed,  and  handling  of  the  powder  can  become 
dangerous.  The  exudation  of  cordite  powders  occurs  more  readily 
and  vigorously  than  that  of  balllstlte-type  powder.  The  pro¬ 
duction  time  of  cordite  powders  is  the  same  as  that  of  pyroxylin 
ones. 

j,  A  defect  of  nitroglycerine  powders  is  the  great  danger 
during  production  In  comparison  with  pyroxylin  powder:  the  gly¬ 
cerine  nitration  and  powder  blocking  operations  are  explosion- 
hazardous,  and  rolling  of  the  powder  block  is  sometimes  accom¬ 
panied  by  ignition. 

7.  Characteristics  tff  powder  elements  and  powder  brands. 

1.  Slmna_of  powder  elements.  Depending  on  the  firearm, 
powders  are  prepared  for  them  which  are  different  from  each  other 
by  composition,  shape,  and  size  of  the  powder  element.  With  res¬ 
pect  to  shape  of  the  powder  elements,  there  are  granulated,  cord, 
monoperforated ,  rings,  and  those  In  the  form  of  spirals. 

The  weh  thickness,  perforation  diameter,  outside  diameter, 
and  length  of  the  powder  element  are  Important  characteristics 
of  a  powder  element.  The  weh  thickness  Is  the  smallest  wall 
thickness  of  a  ipowder  element:  this  Is  fixed  this  way  so  that  a 
complete  combustion  of  the  powder  obargo  would  take  place  upon 
firing.  The  web  tbickness  is  the  wall  tblokness  In  monoperforated 
powders  or  the  thickness  of  the  tablet  In  laminar  powders,  and. 


In  the  cnee  of  crralns  with  seven  perforatlone  -  the  flistenoe  alone 
the  Alamoter  between  the  outside  cylindrical  surface  of  the  grain 
and  oiroumference  of  the  perforation,  and  also  by  the  circumfer¬ 
ences  of  the  perforations  along  the  diameter,  and  along  the 
straight  lines  which  connect  the  centers  of  the  perforations  (Ti’lg- 
ure  55). 


^ift*  55  -  Cross  sections  of  powder  grains 

a.  grain  with  one  perforation  (tube) 

b.  grain  with  7  perforations 
2  e  .  web  thickness 


Depending  on  the  shape  of  the  powder  element.  Its  burning 
can  be  progressive  or  degressive. 

Progressive  burning  is  snoh  a  combustion  where  the  rate  of 
gas  formation  grows  in  proportion  to  the  oombustlon  of  the  pow¬ 
der.  Progressive  burning  provides  the  best  conditions  for  utili¬ 
zing  the  energy  of  the  powder  in  the  gun  by  making  it  possible  to 
get  the  highest  muzzle  velocity  of  the  projectile  at  the  lowest 
maximum  pressure  of  the  powder  gasses  in  the  gun.  This  last  fact 
makes  it  possible  to  reduce  the  wall  thickness  of  the  tube  and  to 


llehtftn  the  mount. 


Converpely,  degreaalve  hurnlng  ta  that  comhuatlon  when  the 
rate  of  prop  formation  deoreapep  in  proportion  to  the  deflagration 
of  the  powder. 

In  deprepilve  burning  of  the  powder,  the  maximum  preepure  In 
the  gun  hap  a  much  greater  magnitude,  but  the  work  performed  by 
the  powder  gapea  Ip  reduced  with  the  repult  that  the  live  force 
of  the  projectile  upon  leaving  the  tube  aleo  decreaeep. 

ProgreRpivenepe  of  burning  can  be  obtained  in  colloid  powderp 
by  choice  of  the  phapep  of  the  powder  elementp.  The  ehapep  of  the 
powder  elementp,  the  purfaoe  of  which  1r  reduced  during  burning 
of  the  powder,  Ip  called  degreaplve.  When  the  purface  of  the  pow¬ 
der  ip  increaeed  during  burning,  then  the  phape  of  the  powder  elo- 
mentp  le  called  progrepplve. 

It  Ip  Quite  obvloup  that.  In  the  combuptlon  of  a  powder  which 
hap  a  ppherlcal,  cubic  or  prlpmatlc  Phape,  the  amount  of  gapee 
being  formed  In  a  unit  of  time  will  be  reduced  in  proportion  to 
the  burning  of  the  powder.  Thie  ip  due  to  the  contlnuoup  reduc¬ 
tion  of  the  burning  Purfaoe.  Thepe  are  degreaalve. 

During  the  burning  of  powder  having  the  phape  of  long  tubee 
(l^lg*  55a) »  tbe  outplde  purfaoe  of  the  tuhep  decreaeep,  hut  the 
Inelde  purfaoe  Inoreaeep,  thue  compeneatlng  for  the  loss  of  the 
outplde  purfaoe  (the  pum  of  the  inplde  and  outplde  dlameterp  at 
any  moment  of  the  powder’p  burning  le  a  conetant  value).  Owing 
to  the  email  effect  of  a  decreaae  in  the  length  of  the  tube,  the 
burning  purfaoe  of  tbepe  powders  remains  praotloally  conptant. 


This  form  of  powder  in  on  the  borderline  between  proerepplve  end 
deftreppive . 

Strip-type  powder  (with  a  ler^e  vpIuo  for  the  ratio  of  the 
length  to  the  thloknepp)  eporoxlmetep  n  powder  with  e  constant 
burning  purface. 

Finally,  the  grain  with  seven  porforatlonp  ("Pig.  *;5h)  la 
nhararterlgod  by  an  increoee  In  the  purface  in  proportion  to  burn¬ 
ing  of  the  powder,  l.e.  It  In  of  the  progrennlve  type.  The  center 
perforation  compendatep  the  deoreane  of  the  ontnlde  purface  of  the 
grain,  and,  on  account  of  burning  In  the  remaining  pIx  perfora- 
tionp  dieperped  along  the  olrcumferenee,  the  burning  purface  in- 
creanep.  However,  when  the  powder  burnn  through,  the  grains  fall 
apart  and  form  12  pllvern:  nix  pmaller  internal  ones  and  plx  ex¬ 
terior  onep  of  a  larger  plze  (in  Fig.  55  those  pliverp  are  shaded 
by  diagonal  llnep).  Evidently,  thepe  parte,  conplptlng  of  about 
20fo  of  the  grain,  burn  degreanlvely . 

The  shape  of  the  powder  elementp  for  praall  arme  (revolverp, 
pletolp,  rlflep,  machine  gune)  should  provide  for  autotnotlc  cart¬ 
ridge  loading;  therefore,  the  powder  should  poneepp  a  patlpfact- 
ory  friability.  With  praall  dlmenplonn  of  the  cartridge  and  a 
need  for  long  range  fire,  the  powder  should  hove  a  high  gravi¬ 
metric  density  (no  less  than  0.7  kg/declmeter'^) . 

In  the  cape  of  short-harreled  weaponp  (revolvers,  pistole, 
Bub-raachlne  gune),  powder  grains  with  a  thin  web  (tbln  tablets) 
are  uped,  which  assure  a  quick  deflagration  of  the  powder.  In 
the  case  of  long-barreled  flrearmp  (rlflep  and  maobine  guns), 
single-perforated  flegmatized  grains  are  used  (pee  page  196), 


which  BPBure  proffrosslve  hnrnlne. 

Thln-wobbed  (thin  t«blotH)  tsralnp  are  most  frequently  used 
for  phort-tubed  trench  mortar  chargep.  In  the  cppe  of  a  longer 
tube,  pingle-perforated  eralns  are  pultahlo. 

Grains  with  one  or  seven  perforationp  are  used  for  mortars 
and  howitzers.  These  shapep  enable  a  convenient  matchirie;  and 
suitable  filling  of  the  increments. 

Grains  with  one  or  peven  perforations  are  suitable  as  charges 
for  both  fixed  and  separate-loading  ammunition  ronglng  from  ?0  to 
76  mm. 

In  the  cape  of  guns  and  howitzers  which  are  above  76  irnn,  the 
monoperforated  form  of  powder  grain  is  used  primarily,  'this  shape 
assures  simultaneous  inflammation  and  rigidity  of  the  charge. 

These  are  necessary  in  the  fairly  long  powder  chambers  in  cannon 
of  this  type. 

We  shall  mention  that  the  granulated  shape  of  the  powder  ele¬ 
ments  for  seml-flxed  ammunition  presents  the  dlsedventage  that  it 
is  necessary  to  use  powder  bags  (containers)  made  from  calico,  slUr, 
nitrocellulose,  etc,  Tn  cases,  where  it  is  possible  to  bnve  pro¬ 
gressive  burning  of  the  powder,  rings,  strips  nnd  tubes  ore  used. 
Powder  charges  composed  of  these  elements  can  bo  tied  together 
with  cord.  The  defect  of  such  a  form  of  powder  elements  is  that 
their  filling  cannot  be  automated. 

Tn  the  case  of  rocket-firing  systems,  monoperforated  powders 
with  a  large  web  thickness  are  widely  used. 
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?•  Powfler  MRrklng.  Every  powder  hep  e  nrnrk  eppienod  to  it 


BO  thnt  It  could  lae  diptineulplied  from  other  typep. 

Formerly,  the  powder  wpp  primerlly  marked  In  eccordonce  with 
the  first  letter  of  the  cannon  or  weapon  for  which  It  was  intended 
For  Inptanoo,  a  powder  intended  for  lieht-weieht  rifle  ammunition 
was  marked  as  "VL"|  powder  need  in  heevy-weiffht  rifle  araniunltlon 
WPS  marked  as  •’VT”  etc.  These  markings  of  rifle  powders  have  hoen 
retained  up  to  the  present  time. 

At  the  present  time,  the  characteristics  defining  its  hallls- 
tlc  qualities  are  primarily  used  In  its  marking.  These  character¬ 
istics  are  the  composition  and  shape  of  the  elements,  and  weh 
thickness.  In  this  system,  the  brand  of  a  granulated  powder  is 
denoted  by  a  fraction.  The  numerator  indicates  the  web  thickness 
in  tenths  of  a  mm,  and  the  denominator  shows  the  number  of  per¬ 
forations  in  the  grain.  For  instance,  9/7  indicates  a  grain  of 
seven  perforations  with  a  weh  thickness  of  0.9  ram.  We  list  some 
powder  raarklngst  4/1,  7/I ,  7/7,  9/7,  12/7,  i4/7,  15/?. 

For  marking  monoperforated  pyroxylin  powders,  the  initials 
TP  are  added  after  the  fraction  Indicating  those  same  character¬ 
istics  as  for  granulated  powder.  For  instance,  lO/l  TP  signifies 
that  the  powder  is  raonoperforated  with  a  weh  thickness  of  1  ram. 

The  letters  TP  are  not  added  when  marking  nitroglycerine  pow¬ 
der  because  they  are  not  produced  in  grains  of  cylindrical  shape, 
even  if  the  production  of  such  grains  Is  entirely  feasible.  There 
fore,  the  marking  lO/l  P  denotes  a  raonoperforated  nitroglycerine 
powder  with  a  weh  thickness  of  1  mm. 

Tablet-shaped  powders  are  marked  by  the  letters  PL  with  two 
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numerals  separated  by  a  hyphen.  The  first  number  shows  the  thick¬ 
ness  of  the  tablet  In  l/lOO  mm,  and  the  second  number  shows  the 
width  in  l/lO  uim. 

Strip-type  powders  are  marked  by  the  letter  L  with  a  number 
showing  the  web  thickness  In  l/lOO  mm. 

Powders  for  use  In  naval  and  coast  artillery  are  primarily 
monoperfornted }  their  marking  Is  denoted  by  a  fraction  in  which 
the  numerator  shows  the  caliber  of  the  gun  in  mra,  and  the  denomina¬ 
tor  shows  the  length  of  the  rifled  part  of  the  tube  in  calibers. 
Example:  75/50  If*  0  powder  for  a  75  mm  cannon  of  50  caliber  length. 

A  lot  of  ready  powder  Is  given  a  conventional  marking  which 
Includes  the  powder  brand,  year  of  production,  and  name  of  factory. 
For  example,  the  conventional  marking  VT  2/49  F  means  rifle  pow¬ 
der  for  heavyweight  bullet,  2nd  batch  produced  In  1949  by  factory 


8.  Use  of  colloid  powders. 

Pyroxylin  powders  were  until  recently  widely  used  in  a  num¬ 
ber  of  countries  for  all  calibers  with  the  exception  of  trench 
mortars.  Nitroglycerine  powders  were  used  more  frequently  in 
trench  mortars  on  account  of  the  insufficient  potential  energy 
of  pyroxylin  powders. 

The  area  of  application  of  nitroglycerine  and  dlglycol  pow¬ 
ders,  possessing  a  number  of  advantages  over  pyroxylin  powders 
(see  Section  6),  has  been  greatly  expanded  within  the  past  6  years. 

Powder  on  a  volatile  solvent  Is  not  used  in  rocket-firing 
systems  because  it  is  practically  impossible  to  remove  the  solvent 


from  the  thlck-wRlled  oheTees  of  to  eke  t  powderiit  and  the  diraen- 
alona  of  the  oharffes  cannot  be  maintained  with  auffiolent  accu¬ 
racy  owing  to  shrinkage. 

9.  Special  forms  of  pyroxylin  powders. 

1.  quick  burning  powders.  Quick  powders  can  be  obtained  by 
two  methods* 

a.  by  producing  powder  grains  of  a  very  small  thickness 
(around  0.1  ram)  with  o  small  content  of  volatile  substances.  Such 
H  powder  is  made  from  pyroxylin  with  a  large  content  of  nitrogen; 

b.  by  producing  porous  powders.  Saltpeter  is  added  to  batch 
during  processing  in  the  blenders  in  order  to  obtain  porous  pow¬ 
ders.  This  salt  is  removed  from  the  powder  (after  cutting)  by 
soaking  it  in  hot  water.  After  the  saltpeter  has  been  dissolved, 

a  large  number  of  fine  pinholes  remains  in  the  powder.  Depending 
on  the  desired  combustion  rate,  the  saltpeter  is  imbedded  into 
the  powder  batch  in  amounts  from  45  to  parts  by  weight  per 
100  parts  by  weight  of  the  pyroxylin. 

Quick  powders  are  Intended  for  use  in  short-barreled  guns 
and  for  blank  artillery  rounds.  The  shorter  the  barrel,  the 
quicker  the  powder  must  burn  in  order  to  attain  the  necessary 
pressure  at  firing  and  complete  burnout  of  the  powder. 

2.  Flegmatlzed  powders.  Progression  of  burning  of  a  powder 
can  be  attained  by  the  introduction  of  flegmatlzers  into  the  out¬ 
side  layer  of  a  powder  grain.  The  powder  is  treated  with  the 
flegmatizer  solution  in  revolving  drums.  The  flegmatlzer  solu¬ 
tion  is  sprayed  in  by  a  force  pump  at  a  pressure  of  2  to  2.5  at. 
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This  wotB  the  powrter  gralne  uniformly  with  the  solution  ae  well 
an  u  correaponding  uniform  dietrlhution  of  the  flegmatizer  In 
the  giirfaoe  layerp  of  the  powder  graine. 

With  such  a  treatment  of  the  powder  grain,  the  flegmatizer 
impregnates  the  wall  of  the  powder  to  a  depth  of  \$^o  of  the  weh 
thickness  whereupon  the  concentration  of  the  flegmatizer  decreases 
gradually  from  the  outside  layers  within  the  grain.  Accoordlngly 
the  corahustion  rate  of  the  powder  rises  In  proportion  to  the  dis¬ 
placement  of  the  comhustlon  front  from  the  outside  layer  into  the 
inner  parts  of  the  grain. 


TABLE  XXIX 

Effect  of  f legmatlzetlon  on  the  hallistlc  qualities  of  rifle 
cartridge  powder 


Condition  of  powder 

Charge  , 

,  8  ’ 

Muzzle 

velocltji 

m/iec 

,  Pm 

Unflegniatized 

2.52 

785 

28  0 

Flegmatlzed 

3.25 

840 

2840 

It  is  clear  from  Table  XXIX  that  flegmatlzation  of  rlfle- 
cartrldge  powder  makes  It  possihle  to  Increase  the  weight  of  the 
charge  by  30^  and  the  muzzle  velocity  by  without  Increasing 
the  maximum  pressure  in  the  bore.  The  flegmatlzation  effect  can 
also  he  seen  by  the  example  of  a  flogmatized  monoperforated  powder 
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which  In  pro^reertlvenene  Is  equivalent  to  powder  erelne  with  seven 
perforatlona. 

Only  rlfle-cartrldge  powders  and,  in  exceptional  oases,  can¬ 
non  powders  with  a  thin  weh  thickness  (for  small  caliber  artillery) 
are  flegmatlzed, 

3.  Vlashless  uQwders.  A  large  amount  of  combustion  gases  are 
contained  in  the  combustion  products  of  colloid  powders.  These 
are  primarily  carbon  and  hydrogen,  which  after  escaping  from  the 
bore,  intermix  with  air.  The  temperature  formed  by  the  combust¬ 
ible  mixture  is  higher  than  the  ignition  temperature.  Therefore, 
the  mixture  ignites  and  a  bright  flame  appears  in  front  of  the 
muzzle,  which  gives  away  the  battery  position  at  night.  This  flame 
is  called  muzzle  . 

In  order  to  eliminate  this  defect,  special  flashless  pow¬ 
ders  are  used.  The  powders  are  obtained  by  the  Insertion  of  ad¬ 
mixtures  into  the  powder  composition  which  increase  the  Ignition 
temperature  of  the  gaseous  mixtures  or  which  reduce  the  combustion 
temperature  of  the  powder. 

Admixtures  which  increase  the  Ignition  temperature  of  the 
gaseous  mixture  hove  the  greatest  importance.  Potassium  salts, 

KOI,  K  SO,  ,  K  00  ,  and  KflC  0,  are  used  for  these  purposes.  >‘’laph- 
less,  flash-damping  and  flash-reducer  powders  are  produced  on  a 
base  of  these  salts. 

Kxample  of  flashless  powdert 

pyroxylin  (13*5f&  nitrogen)  ...  85  parts  by  weight 
dlnltrotoluene  .  .  10  parts  by  weight 
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aitutyl  pbtalBte  .....  5  parts  by  weight 

diphenyl  amine  .  .....  1  part  of  weight 

potapaium  sulphate  ....  0.3-0. 5  parte  by  weight 

In  thlp  particular  composition,  dlnltrotoluene  and  dlbutyl 
phtalate  lower  the  temperature  of  the  combuetlon  products,  and 
the  potassium  sulphate  raises  the  ignition  temperature  of  the 
mixture  of  powder  gases  and  air.  In  addition  to  this,  dibutyl 
phtalate  reduces  the  hygroscpplclty  of  the  powder. 

Flash-damping  powders  contain  up  to  50^  of  inert  salts  suoh 
as  potassium  chloride  in  their  composition.  This  flash-damping 
powder  is  added  to  the  regular  powder  in  amounts  from  10  to 
of  the  regular  powder* s  weight  when  the  charge  is  prepared. 

Flash-reducers  consist  of  inert  substances  which  increase  the 
ignition  temperature  of  the  combustible  mixtures.  Potassium  salts 
are  primarily  used  for  this  purpose.  These  flash  reducers  are 
placed  in  the  charge  prior  to  loading  the  gun.  They  oan  he  used 
only  in  guns  firing  separate-loading  ammunition  or  in  guns  equipped 
with  special  unfixed  shell  cases. 

A  defect  of  the  flash-damping  media  is  the  smofire  escaping 
from  the  muzzle  which  gives  the  battery  position  away  during  day¬ 
light. 


4.  Flarehack.  During  a  rapid  tempo  of  fire,  the  so-called 
flarehack  is  observed  sometimes,  especially  in  heavy-callher  guns. 
This  flarehack  escapes  from  the  breech  when  it  is  opened  and  it 
can  horn  the  breech  detail  serving  the  piece. 

The  cause  of  flarebeok  is  the  presence  of  burning  gases  in 
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powrtftr  rbpmbftT,  ’vlilnb  form  bp  oxptopivB  mixturo  with  nir. 

TboBH  cpn  floro  up  on  arcount  of  Insufflrlnnt  roollna  rinrlnfr  boavy 
f1ro,  or  tboy  can  flare  up  bocpupe  p  pmoli^erlnp  fraement  o^’  r  pow- 
rlnr  bee  or  the  Ptrnp  retnplnp  In  the  bore  P^'ter  flrln?.  'Tblp  boo- 
onfl  CBUPe  opn  be  eliminatei  by  upinir  p  nitrate^  rlotb  In  tbn 
cbPrpRB  wblcb  bnrnp  up  completely  upon  Plrinir. 

10.  ObPr^ep  pnd  Tprnlterp 

1.  Mflnltionp  pud  olapplf Icetlon.  A  charge  for  firing  from 
an  artillery  piece  or  email  arm  ip  that  amount  of  powder  appemblecl 
In  a  pet  aequence  ond  Intended  for  flriniar  one  time  only. 

The  mark  of  the  powder  nnd  weight  of  the  charpte  Ip  pelected 
in  Bccordnnce  with  bplllptlcp  CPlculRtlons  and  fired  in  puch  n 
wpy  that  the  required  muzzle  velocity  would  be  attnlned  with  the 
greatept  powder  gap  preppurep  which  have  been  pet  for  p  given 
weapon. 

According  to  the  kind  of  fire  for  which  they  are  Intended, 
chargep  are  divided  Into  propelling,  practice  blank,  nnd  ppecinl 
cbargep  which  are  iieed  in  teat  flringp. 

Pronelllng  chargep.  Propelling  chnrgep  are  divided  into 
aiilLtaafl  nnd  multl-pection  chargep. 

Tlnltized  chargep  have  a  conetent  pervlce  weight  and  ere  in¬ 
tended  for  Imparting  one  prepcrlbed  muzzle  voloolty  to  the  pro¬ 
jectile  . 

Multl-pection  chargep  conplpt  of  peveral  previouply-welghed 
partP  which  are  packed  in  separate  packp,  called  powder  bagp. 


tiBuielyi  of  B  welfched  portion  of  powder  celled  baee  charge,  or 
simply  base  and  supplementary  welahad  portions  of  powder,  called 
increments.  The  base  charge  makes  certain  that  the  minimum  range 
of  fire  for  the  given  artillery  system  is  attained.  The  complete 
charge,  consisting  of  the  base  and  all  Increments,  makes  certain 
that  the  highest  miisvlo  velocity  is  attained  for  the  given  system. 
Multi-section  propelling  charges  make  it  possible  during  firing 
to  change  the  weight  of  the  charge  by  adding  or  taking  away  in¬ 
crements,  which  then  changes  the  muaizle  velocity,  trajectory,  and 
range  of  fire. 

Propelling  charges  are  subdivided  into  three  types:  fixed, 
semi-flxed,  and  separate  loading. 

’^’Ixed  charges  are  constant  as  a  general  rule.  They  are  placed 
in  the  shell  case  loosely  or  in  a  paper  hag  (figures  $6  and  57). 

If  the  powder  does  not  fill  up  the  entire  volume  of  the  case,  then 
packing  is  generally  put  In  so  that  the  powder  would  not  move 
around  in  the  case.  The  packing  consists  of  stops  in  the  form  of 
distance  wads  or  trihedral  prisms  which  are  inserted  between  the 
charge  and  base  of  the  projectile. 

Propelling  charges  which  consist  of  long  tubes,  rods,  or 
strips  are  generally  tied  in  one  (Figure  56h)  or  two  (Figure  57c) 
bundles  which  are  then  inserted  Inserted  into  the  case.  They  are 
put  in  loosely  very  rarely  (Figure  57*’)*  Fixed  charges  are 
equipped  with  a  standard  cardboard  cover  (obturator)  which  is 
placed  between  the  projectile  and  propelling  charge.  The  obtura¬ 
tor  Is  Intended  to  eliminate  tbe  passing  of  powder  gases  past  the 
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rotfitlne  Into  the  rlfllne  Pt  the  InltlBl  moment  of  Iffnltlon. 

Multieectlon  propelllns:  chpreree  ere  very  rarely  nped  for  fir- 
Inp  ammunition.  In  thie  cape,  It  would  he  necepenry  to  he  nhle 
to  have  aooepp  to  the  inplde  part  of  the  phell  which  means  thnt 
either  the  shell  or  complete  round  would  have  to  be  tpken  apart. 
TViIm  would  ooiupllcats  thoir  production  nnd  handlinsr  durln*  flrlnc. 

Charpea  for  eeml-flxed  ammunition  in  the  overwholralne  maior- 
Ity  of  oapep  are  multl-pectlon;  fixed  propelllns  charpep  for  use 
In  seml-flxed  ammunition  are  used  only  for  flrinp  armor-piercinp 
and  phaped-charpe  projectiles. 

An  example  of  a  propelling  charge  for  a  pemi-flxed  round  Ip 
shown  In  Figure  58*  The  weight  of  the  charge  la  changed  during 
firing  by  the  removal  of  the  required  number  of  increments  from 
the  shell  case.  The  increments  can  be  of  Identical  or  dlpplmllpr 
weights.  Increments  of  aliquot  parts  are  widely  used  In  the 
Soviet  Ar«y»  while  the  German  army  uses  increraontp  of  different 
weights. 

Propelling  charges  for  seml-flxed  ammunition  which  are  In¬ 
serted  Into  the  shell  case  are  covered  with  a  standard  reinforced 
cardboard  cover  with  the  rims  turned  to  the  Inside  of  the  cepe. 

The  obturator  serves  for  the  uniform  sealing  of  the  charge  In 
the  case  and  for  obturating  the  powder  gases.  The  cord  wads  or 
cap  reinforcings  serve  to  make  the  charge  alr-tlght  in  the  case. 
^fhen  the  charge  is  assembled,  It  is  sealed  on  the  outside  with  a 
hermatioizer • 

Separate-loading  ammunition  charges  are  multi-sectioned  in 
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Fig.  56  -  Fixed  rounds 

1.  projectile  2.  fuze  3.  propelling  (powder)  charge 

4.  case  5*  primer  cup  6.  obturator 

7.  distance  wad  8.  cardboard  disk  9*  powder  bag' 


Fig.  57  -  Pixed  rounds  used  by  the  former  German  Army 

1.  projectile  2.  fuze  3*  propelling  charge 
4.  case  5*  primer  cup  6.  obturator 
7.  distance  wed  8.  igniter  9*  powder  bag 
10.  copper  remover 
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tho  ovorwhfilinl ne  majority  of  oopep.  In  artflltlon  to  ptronpth,  tho 
powder  bes  muat  bo  burned  up  completely  toerotber  with  tbe  nberee 
upon  flrinp  (pee  peracrepb  4  of  peotlon  <?). 

Tbe  bape  cbnreo  and  Incrementp  are  tied  tocetber  by  tbe  ptrepe 
wblcb  are  of  tbe  pame  material  ap  tbe  powder  bap.  An  example  of 
an  arraneetnent  of  a  poparate  loadlnp  cbaree  Ip  abown  In  i^’lpuro  59. 

Propolllnp  charpep  are  made  up  of  a  powder  of  one  mark  or 
from  tbe  powdora  of  peveral  raarkp.  In  tbe  latter  cape,  tbe  pro- 
pelllnp:  cbarcea  are  called  combination  cbarpep.  Tbe  powderp  of 
varloup  markp  In  a  combination  cbargo  are  alwayp  put  Into  pepnr- 
ate  beep,  wbereupon  tbe  bape  charge  Ip  made  up  of  a  powder  with 
a  pmaller  web  tblcknepp  or  from  a  faptor  burning  powder  ae  com¬ 
pared  to  tbe  Increment  powder. 

Tbe  fol lowing  baelc  requlrementp  are  pet  forth  for  a  pro¬ 
pel  line  cbaree: 

a.  appurlne  tbe  required  muzzle  velocity  at  a  maximum  prepp- 
ure  not  exceedlne  tbe  pet  limit; 

b,  a  potency  of  tbe  exploplve  to  be  able  to  perform  tbe  work 
required; 

n.  tbe  lowopt  popplblo  bore  eroplon; 

d,  ptablllty  during  prolonged  Ptoraeo. 

3.  Sneclal.  practice  and  blank  cbareep.  Spgp^al  cbarpep 
are  upefl  for  tbe  teptlne  of  artillery  pleoep  and  ammunition.  Tboir 
weight  ip  determined  by  tbe  technical  condltionp  in  uee  for  tbe 
appropriate  artillery  piece. 

Practice  cbargep  are  uped  in  benvy-callber  naval  and  peacoapt 
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V'lff.  5^  “  stacked  inultl-PQctlon  propelling  charge  for  aenil-flxetl 
round . 

1.  bnee  charge  ?.  Increments  3*  top  Incroment 
U.  obturator  5*  reinforcing  cap 


a  b 

Pig.  59  -  Multi-section  propelling  charges  for  sepBrate-londlng 
round 

a,  full  d,  reduced 

1.  base  charge  ?.  increments  3*  igniter 
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punp  ditrlne  praotine  (tralnlnsr)  firincp.  Thepo  chnreea  aro  of 
pinaller  weleht  than  the  propel linp  oharRe,  port  they  profluno  a 
lower  preppure  upon  flrlne,  which  rertucep  bore  eroplon. 

Plank  chargee  (Figure  60)  are  upetl  primarily  in  guna  of 
mofllum  caliber  for  blank  firing  rlurlng  inaneuvere,  for  cannon 
PfilutePi  and  for  plgnalllng. 


Fig.  60  -  Blfuilc  Round 

1.  powder  charge  2.  case  3.  doping  plug 
4.  primer  cup 

4,  Igniterp.  Special  devlcep  nre  upod  for  igniting  the 
charge.  Petonating  capp  are  used  in  peparate-londing  chargee, 
while  primer  cupe  are  used  in  caped  chargee.  However,  the  flamoe 
which  originate  through  the  action  of  the  detonating  cap  or  pri¬ 
mer  cup  in  the  majority  of  capep  are  not  puffloient  to  produce 
a  rapid  and  pimultaneoup  ignition  of  all  the  gralnp  of  the  charge. 
Ignition  ip  made  pure  of  by  the  use  of  an  igniter  made  out  of 
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blnck  or  poroup  nyroxyll«i  powder,  epplly  Ipnited  from  tlie  fleme 
prod need  by  the  crp  or  primer  cup. 

The  Ifcnltor  ip  popl tinned  In  the  cherRe  In  pnch  n  wny  thft 
the  flrme  from  the  cep  or  primer  cup  would  hit  It  directly.  Tn 
the  cepe  of  lour  chorROP  for  hervy-cellher  eunp,  rddltlonel  le- 
olterp  cm  he  upnd,  which  ere  ppnced  amontr  the  choree  components. 

The  'velrrht  of  the  ic-nlter  is  ■<’rom  0.5  to  ?.5'^’  of  the  totel 
wolpht  of  the  propelllnR  cherce. 

11.  Pnrrel  eroelon. 

Shortly  after  the  transition  from  black  to  colloid  powder, 
a  destructive  action  of  the  powder  gapes  on  the  bore  wap  noted 
(pitting) . 

At  first,  the  pitting  effect  will  noticeably  lower  the  ac¬ 
curacy  of  fire,  and  later  on,  after  a  specific  number  of  rounds 
had  been  fired,  the  gun  will  become  completely  unfit  for  further 
service . 

The  first  signs  of  pitting  are  dull  spots  on  the  nollshed 
piirface  of  the  bore,  These  spots  are  primarily  In  the  powder 
chamber.  These  spots  are  caused  by  the  appearance  of  hundreds 
of  fine  and  shallow  cracks  in  the  metal.  Then  the  srun  Is  fired 
further,  the  separate  cracks  elonsrate  with  a  slmnltaneous  in¬ 
crease  in  their  width  and  depth.  Those  cracks  whose  directional 
orientation  coincides  more  or  less  with  the  directlcm  of  the 
axis  of  the  bore,  hence,  with  the  direction  of  travel  of  the 
powder  eases,  are  increased  In  slse  expecinlly  rapidly. 
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Wlton  those  lonKltudlnel  cracks  hecomo  sufficiently  olonirntef! , 
the  powder  peses  and  unbnrned  particles  of  powder  start  to  pass 
through  the  rotating  band  of  the  proiertilo  end  burned-out  sec¬ 
tion  of  the  bore  surface.  Then  a  wenrlnp-away  of  the  inetnl  and 
stripping  of  the  bands  occurs. 

Ill  a  pronounced  case  of  abrasion,  the  rifllnp  In  the  forcinp 
cone  Is  completely  obliterated,  owing  to  which,  in  euns  firing 
sepprate-lcadirig  ammunition,  the  projectile  can  be  rammed  in  fur¬ 
ther  into  the  tube  during  loading  than  in  the  case  where  the  tube 
is  not  worn.  This  advance  of  the  projectile  during  loading  In¬ 
creases  the  volume  of  the  powder  chamber,  which  cniises  a  reduc¬ 
tion  in  muzzle  velocity  and  range.  In  conjunction  with  this  da¬ 
mage  to  the  rifling,  accuracy  of  fire  Is  docrepsed. 

The  above-described  phenomena,  known  as  barrel  erosion,  take 
place  slowly  at  the  beginning,  but,  as  the  number  of  rounds  fired 
IncreaseB,  the  pitting  increases  all  the  more.  The  rule  of  thtimh 
in  this  case  is  that  If  the  velocity  of  a  projectile  drops  by 
10*^0  on  account  of  pitting,  then  this  particular  bore  Is  no  longer 
fit  for  further  service. 

Barrel  erosion  is  the  result  of  a  number  of  causes. 

Effect  Qf  beat  on  the  surface  layer. of  the  metal.  According 
to  D,  K.  Chernov,  the  powder  gases  are  able  to  boat  the  thin  sur¬ 
face  layer  of  the  bore  walls  to  a  high  temperature  during  firing. 
This  layer  has  a  tendency  to  expand,  which  is  prevented  from  do¬ 
ing  BO  by  the  adjacent  cool  layer  of  metal.  Stresses  occur  In 
the  heated  layer  which  cause  the  inside  surfaces  of  the  wail  to 
crock. 
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The  oripiPBtion  of  tlie  craclcR  Ip  hipcIr  popplble  by  tbe  bFirrlen- 
Ing  of  the  PurPpoo  leyor,  which  takep  piano  on  account  of  r,  raplrl 
coollner  of  the  hoatorl  layer  after  flrlnar.  The  cooling  rate  Ip  In- 
croppofl  even  wore  by  the  cold  air  onterlne  tho  boro  when  the  brooch 
Ip  oponod  for  loading  the  next  round.  ^  change  in  tho  mochanlonl 
proportiep  of  tho  inner  layer  metal,  plmllar  to  qiienching  tnlcop 
ploco , 

Nltroplycorlne  powdera  cauee  greater  eroolon  than  pyroxylin 
powflerp,  even  with  equal  calorific  vnliiop.  On  tho  other  hand, 
blended  pyroxylin  powrlerp  are  more  oroplvo  than  nitroglycerine 
powtlerp.  Powdorp  with  the  lowept  popplble  combustion  temperature 
miipt  be  uped  po  that  tbe  heat  effect  of  the  powder  gapes  can  be 
reduced . 

Mechanical  effect  of  nowder  gases  on  the  walls  of  _the  bore 
(eroplon) .  A  conclusion,  based  on  n  number  of  tests,  was  also 
drawn  concerning  the  effect  of  mechanical  effect  of  ilowder  gases 
escaping  from  the  powder  chamber  through  the  plltp  between  the 
rotating  band  and  bore  walls,  Tbe  wear  of  the  bore  is  Increapod 
with  a  rise  in  the  powder  gap  prespure,  and  the  most  pronounced 
burning  of  the  bore  occurs  where  the  rifling  ptartp,  i.o.  In 
that  plane  where  the  rotating  band  Ip  not  completely  gripped  by 
tho  rifling,  and  where,  consequently,  the  gases  can  escape  more 
readily. 

The  work  of  the  gases  can  he  compared  with  washing  hy  a 
stream  of  water.  Calculations  show  that  gasep  travel  along  the 
bore  at  a  velocity  of  approximately  600  m/sec.  It  is  natural 
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ttmt,  at  PURh  a  hlph  velocity,  the  plowinc  partlclen  of  gap  hlttin? 
the  raetHl  will  tlamege  it  and  form  winding  channela  which,  baalcally, 
follow  the  path  of  the  bore's  generatrix.  These  channels  deepen 
gradually,  and  even  onoroach  into  the  forcing  cone.  the  num¬ 
ber  of  roundr  fired  increasos,  the  zone  of  the  channels  gradually 
elongates  from  where  the  rifling  begins  to  the  muzzle.  In  badly 
worn  bores  the  width  of  this  zone  attains  several  cnlihers.  Dur¬ 
ing  the  initial  periods  of  wear  of  the  bore,  these  channels  dls- 
trihute  themselves  exclusively  along  the  bottom  of  the  grooves, 
but,  as  the  wear  Increases,  they  begin  to  get  Into  the  side  wells 
and  lands. 

The  erosion  rste  of  the  bore  ran  bo  reduced  by  any  measure 
which  eliminates  the  escape  of  powder  gases  between  the  rotating 
band  and  bore  surface. 

Experiment  showed  that  obturators  of  even  the  most  rudi¬ 
mentary  kind,  in  the  form  of  small  cups  of  sufficiently  stiff 
pasteboard,  and  seated  In  the  case,  can  decrease  barrel  erosion. 
Obturators  for  fixed  rounds  are  of  particular  Importance  to  guns 
because  the  posltioti  of  the  shell  in  them  becomes  invariable  upon 
loading  with  any  degree  of  bore  wear.  Being  rigidly  crimped  to 
the  case,  the  projectile  assumes  one  and  the  seme  position  in  the 
loaded  gun,  the  position  being  dependent  on  the  length  of  the 
case,  and  the  advance  of  the  projectile  is  limited  by  the  center¬ 
ing  slope.  In  guns  firing  separate-loading  ammunition,  as  the 
bore  wears  away,  the  rifling  at  the  forcing  cone  deteriorates; 
thus  the  projectile  is  forced  home  up  to  the  stop  in  the  rifling, 
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oven  if  it  is  flfimagert .  .In  the  cpse  of  punp  firinp:  fixer!  pmniunl- 
tion  which  hnve  r  worn  bore,  the  projectile  doep  not  build  up 
ngnitiRt  the  rifling.  This  cnueep  on  extremely  large  sap  opoapo  in 
the  initial  moment. 

Tn  addition  to  cardboerd  obturatOTP,  the  rotating  band  ip 
Rinoarod  with  a  ppecial  lubricant  in  order  to  eliminate  gep  es¬ 
cape.  ”11011  the  round  ip  fired,  the  lubricant  fills  up  the  hoad- 
ppaco  and,  by  greaplng  the  bore,  protects  it  from  the  direct  ac¬ 
tion  of  the  gaeep. 

Occlusion  of  Powder  (laaeB.  An  Increape  in  the  prespure  in 
the  tube  IOcuIp  to  on  increape  of  erosion  in  the  bore  not  only  in 
conjunction  with  an  intensification  of  the  niochnnlcpl  effect  of 

the  gas  streams,  but  also  under  the  effect  of  powder  gas  occlu¬ 

sion  . 

Occlusion  is  the  retention  of  gases  by  a  metal.  The  gas  is 
absorbed  by  the  metal,  forming  e  solid  solution  in  it  (variable 
composition  phase),  and  which  sometimes  partially  enters  into  a 
chemical  combination.  The  rate  of  occluelon  and  depth  of  pene¬ 
tration  of  the  gases  into  the  metal  are  increased  with  an  Increase 
of  tempera tura  and  prespure. 

’^len  the  tube  apsumes  its  normal  state  after  firing,  the 
gapep  which  have  penetrated  into  it  remain  ap  if  they  were  corked 

up  in  the  pores,  and,  by  exerting  prepsure  on  the  vvalls,  they 

damage  the  metal, 

Dorep  (particularly  in  sporting  rifles)  rust  after  a  certain 
period  of  time  after  firing  in  spite  of  the  fact  that  they  were 
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cleenert  mid  oiled  imnied lately  after  being  fired.  This  can  be  ex¬ 
plained  by  the  fact  that  the  occluded  gases  gradually  come  out 
from  the  pores  of  the  metal  In  which  they  were  Imbedded  after  fir¬ 
ing,  Gases  of  an  acidic  character  are  found  In  the  combustion 
products  of  smokeless  powder.  These  gases  react  with  moisture 
and  form  acids  which  then  cause  rusting  of  metals. 

Occlusion  not  only  rusts  metals,  but  also  damages  the  sur¬ 
face  layer  of  the  bore. 

In  order  to  reduce  the  effect  of  occlusion,  measures  con  be 
token  wherein  the  requisite  muzzle  velocities  con  be  obtained  ot 
a  lower  bore  pressure  in  the  piece.  Such  a  pressure  reduction, 
as  we  have  seen,  can  be  attained  by  the  use  of  progressive-burning 
powders. 

Chemical  effect  of  the  combustion  nroduots  of  the  nowder. 

The  chemical  action  of  some  combustion  products  of  a  powder  also 
has  an  effect  on  the  here  on  a  par  with  the  mechanical  and  ther¬ 
mal  effects.  It  has  been  discovered  that  the  carbon  content  is 
Increased  In  the  surface  layers  of  the  metal,  which  is  due  to  the 
carbon  being  separated  out  as  the  result  of  the  dissociation  of 
the  combustion  products  when  they  are  pushed  up  against  the  very 
hot  walls  of  the  boro.  Tlierefore,  the  layer  of  metal  becomes 
harder  and  more  brittle,  and,  on  the  other  hand,  its  melting  tem¬ 
perature  Is  lowered. 

The  Influence  of  the  chemical  factors  inoreasep  with  rapid 
rates  of  fire,  when  the  tubes  heat  up  to  300  -  500°. 
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Effect  of  the  bIza  of  tho  powflor  nhnrgft.  The  nraonnt  of  rreeep 


which  nre  formed  during  the  rleflaerntion  of  powder  also  hop  en 
effect  on  the  wear  of  the  tore.  This  can  he  verified  hy  the  fact 
that  barrel  eroelon  rlecreaBea  when  firing  with  reduced  ohnrgep. 
Eropion  sttovip  quicker  then  the  weight  of  the  charge,  ae  can  he 
peon  hy  the  following  data  ahowlng  the  effect  of  the  plze  of  the 
charge  on  horo  wear  of  Engllah  howltgerp  with  an  identical  numher 
of  roundp  fired! 

number  of  Incrementp  in  the  charge  12  3^-15^' 

bore  wear  in  ‘’^3  6  9  l4  27  UR  100 

Effect  of  oalihor.  The  bore  wear  of  plater  piecep  Increppep 
rapidly  with  an  increape  of  the  oalihor.  Thie  is  evident  from 
the  following  date  concerning  the  horo  life  of  long-harreled  gunp 
which  ore  part  of  the  ordnance  of  the  TJ,  fi,  A. 

gun  caliber  in  inm . 120  15a  20R  25U  305 

bore  life  Oio.  of  rounds  fired)  .  200  I66  I25  100  83 

It  may  he  added  that  a  piece  whope  cnllhor  Ip  Iorp  than 
100  mm  can  he  fired  a  thoupand  tlmea,  and  the  horep  of  machine 
gunp  of  lepp  than  10  mm  can  fire  more  than  10,000  roundp. 

''Iiere  one  nnd  the  pame  caliber  Ip  UBod,  the  bore  of  rela¬ 
tively  short  range  pieces  (howitzers)  have  a  longer  pervlco  life 
than  bores  of  long  range  pieces  (long-barreled  guns). 

Barrel  erosion  can  he  reduced  hy  the  use  of  certain  special 
steels,  and  also  hy  a  sensible  design  of  the  rifling. 
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flEOTieir  VI 


BLACK  POWBKIB 

1,  Composition  end  Compononts  of  Black  Powder 
The  average  composition  of  black  powder  Is:  75^  saltpeter 
(mostly  potassium  nitrate),  carbon,  and  lO'C  sulfur. 

Potassium  nitrate.  Potassium  nitrate  is  only  slightly  hygro¬ 
scopic.  This  valuable  property  assures  physical  stability  (absence 
of  humidification)  of  the  powder  which  la  made  out  of  it.  The 
melting  temperature  is  334°. 

Chile  Saltpeter  la  not  suitable  for  the  production  of  mili¬ 
tary  gunpowders  on  account  of  its  high  hygroscoplclty. 

Sulfur  Is  a  solid  crystalline  substance  of  pale  yellow  color, 
not  soluble  in  water,  and  having  a  melting  temperature  of  114.5 
Charcoal .  Charcoal  from  soft  types  of  wood  is  used  for  the 
production  of  powder.  More  often  than  not,  it  is  from  buckthorn 
or  alder.  The  method  of  the  charooal  production,  primarily  its 
degree  of  roasting,  has  an  important  significance  on  the  quality. 

The  degree  of  roasting  has  an  effect  on  the  Inflammahlllty 
of  the  powder.  The  powder  ignites  the  more  easily  when  the  de¬ 
gree  of  roasting  of  the  charcoal  is  lower.  Conversely,  the  heat- 
producing  ability  of  the  oharcoal  rises  with  an  increase  in  the 
degree  of  roasting,  i.e.  with  an  increase  in  the  carbon  content. 
Consequently,  the  hygrosooplclty  of  the  oharcoal  and  of  the  pow¬ 
der  produced  from  it  decreases  with  an  Increase  of  the  degree  of 
roasting  of  the  oharcoal. 


Three  be  pic  typop  of  coal  ore  npofi  in  powder  production: 


Kind  of  Oharcoal 

1 gnl tion 
Temperature 
in  OC 

rtarbon 

Content 

in 

cherry 

Llgnl to 
Ciiocolate 

350  -  '450 
?R0  -  3?0 

140  -  I?*, 

RO  -  R5 

70  -  7*5 
<52  -  5'4 

Itowadnyp,  cool  with  a  carbon  content  of  is  chiefly 

uped . 


T.h.e.  mejhoiilsm  of  axploslge  traneformatlon  of  black  powder. 

A  reaction  between  polld  eubatancep  tclcep  place  very  plowTy,  Bow 
den*p  etudy  phowed  that,  in  the  initial  ptage  of  the  ipnitlon  pro 
cepp  for  black  powder,  melting  of  the  pulfur  occure.  The  cloee 
contact  of  the  liquid  PUlfur  with  the  potapeium  nitrate  and  other 
organic  euhptanoep  which  are  contained  In  the  charcoal  leadp  to 
an  acceleration  of  the  reaction  to  a  point  which  Ip  characterlp- 
tlc  for  an  exploelve  tranpformatlon.  After  the  powder  attalnp  n 
normal  rate  of  combustion,  a  quantity  of  heat  1p  evolved  with 
which  a  direct  oxidation  of  the  carbon  by  the  potapplum  nitrate 
hocomep  possible. 

The  more  difficult  ignition  of  a  snlfur-free  powder  can  be 
explained  by  the  fact  that  the  liquid  phase  in  this  kind  of  pow¬ 
der  can  originate  only  under  conditions  of  molting  of  the  higher- 
melting  saltpeter  (melting  temperature  of  potasplum  nitrate  is 


2,  Properties  of  Bleck  Powder. 

Black  powder  has  a  slate-gray  color  and  dull  luster.  The 
larger  grains  very  often  can  be  from  a  blue-black  to  a  grey-black 
color  with  a  metallic  luster. 

The  density  of  the  powder  grains  fluctuates  from  I.5  to  1.93 
g/cnr^.  The  gravimetric  density  of  rifle  powder  is  from  0.900  to 
0.980  kg/declmeter^ . 

A  powder  which  has  been  produced  satisfactorily  will  not  soil 
the  hands,  no  dust  will  remain  on  paper,  and  it  Is  resistant  to 
mashing  between  the  fingers. 

The  moisture  content  in  accordance  with  technical  conditions 
should  be  no  more  than  When  the  moisture  content  is  above 

^tbe  powder  is  difficult  to  ignite. 

With  respect  to  sensitivity  to  shock,  black  powder  belongs  to 
that  number  which  are  safe  in  handling  (duds  with  a  10  kg  weight 
dropping  on  it  from  a  height  of  35  cm,  explosives  when  some 
weight  drops  on  it  from  a  height  of  45  cm). 

A  chest  containing  black  powder  can  he  exploded  by  the  Impact 
of  a  rifle  bullet. 

The  sensitivity  of  black  powder  to  flame  or  even  a  small 
spark,  which  can  originate  when  two  metal  objects  strike  each 
other  is  the  cause  of  the  great  hazard  associated  with  its  hand¬ 
ling. 

The  ignition  rate  of  a  black  powder  charge  (l.e.  the  rate  of 
propagation  of  the  flames  from  grain  to  gralm),  according  to  Bow¬ 
den,  is  equal  to  60  cm/sec  at  atomospherlc  pressure,  and,  under  0 
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prePRure  of  30-50  Hi.i  the  ignition  rote  tIpbp  to  2000  cm/poc. 

The  combuptlon  rote  of  a  powder  eraiti  is  equal  to  0.4  mm/ see,  end, 
under  e  prespure  up  to  30  -  50  at.,  It  risep  to  9  cm/pec. 

Acoordlns:  to  Andreyev’s  date,  the  oomhuptlon  rete  of  e  time 
fuKo  (in  which  the  black  powder  eroins  are  Irapresped  os  alilco  as 
possible  elonp  the  length  of  the  fuze)  at  atmospheric  pressure  is 
O.f  cm/sec,  and  at  a  pressure  of  31.3  at.,  it  is  ?.4  cm/sec. 

The  nature  of  burning  of  black  powder  depends  upon  Its  den~ 
sity.  Powder  elements  which  are  made  out  of  blnok  powder,  and 
having  a  density  of  I.65  g/orcr  and  below,  do  not  burn  In  parallel 
layers.  Purlng  firing  with  a  charge  of  this  powder,  the  grains 
ore  scattered,  and,  for  this  reason,  the  burning  time  In  the  bore 
of  equal  charges  from  identical  elements  can  fluctuate  greatly. 

The  sensitivity  of  black  powdar  to  flame  and  good  ignition 
abilities  are  dependent,  on  the  one  hand,  upon  a  high  tempera¬ 
ture  of  the  flames,  and,  on  the  other  hand,  the  presence  of  solid 
or  liquid  particles  in  amounts  up  to  in  the  combustion  pro¬ 
ducts.  The  ease  of  blocking  black  powder  into  time  ring  fuzes 
in  the  shape  of  powder  trains  -  delay  or  booster  elements  -  the 
corahlnatlon  of  these  properties  in  many  cases  makes  black  powder 
indisponslble  even  today. 

3.  Tire  PPODIICTION  OF  BLACK  POT/PiiP 
The  production  of  black  powder  consists  of  a  number  of  opere- 
tlons,  which  have  as  their  purposes 

a.  a  fine  pulverization  and  an  intimate  blending  of  the  black 


powder  components; 


■fa.  ofctaininp  ^raltiR  of  the  dealred  size  and  ehapo  out  of 
the  hlend  whlnh  hna  been  prepared  in  this  way.  This  particular 
blend  is  called  mealed  black  powder. 

The  pulverization  and  blending  of  the  compononta  ip  attained 
by  a .prolonged  processing  of  the  components  In  a  number  of  machlnop 
-  In  d1 plntegratoTR.  tubs  (spherical  grinders),  by  millstones,  etc. 

The  mealed  black  powder  is  pressed  under  millstones  or  in 
presses.  The  powder  press  cakes  ore  grained  in  special  graining 
machines;  they  are  then  buffed  in  drums  so  that  sharp  edges  could 
bo  removed  and  a  smooth  surface  obtained.  The  powder  is  then 
sifted  end  grains  of  uniform  size  are  obtained. 

Grades  of  Black  Powder 

Black  powders  are  subdivided  into  ordinary,  Irregularly  shaned , 
fuze,  cord,  sporting  rifle,  and  powders  for  mining  purposes. 

Ordinary  powder  Includes  coarse-grained  artillery  (rlflo  no. 

1)  rifle  (shrapnel,  or  rifle  no.  ?),  fine  (rifle  no.  3),  ''Ud 
snlfur-free.  Those  powders,  with  the  exception  of  the  sulfur-free, 
differ  from  each  other  mainly  by  the  grain  size. 

The  composition  of  sulfur-free  powder  Is  80^)  potassium  nitrate 
and  20^0  charcoal. 

Irregularly- shaped  powders  consists  of  prismatic  (with  one 
perforation)  and  cubical. 

Fuze  powders.  At  the  beginning  of  the  20th  century,  Jjlack 
powder  was  used  as  a  filler  for  time  fuzes.  By  composition,  it 
was  analogous  to  the  ordinary  brands,  but  it  was  distinguished 
from  the  other  in  that  It  had  additional  requirements  with  respect 


to  the  quality  of  the  eomponentB  and  method  of  production.  This 
powder  wae  given  the  name  of  ftydinarv  fuze  powder.  The  maximum 
burning  time  of  thla  powder  was  22  eecondn  In  the  double-decker 
time  fuse  used  at  that  time. 

However,  In  agBOolatlon  with  an  Inoreaee  in  the  range  of  fire, 
it  wan  necessary  to  Increase  the  burning  time  of  the  time  fuze, 
which,  with  retention  of  the  double-decker  fuze,  could  be  attained 
by  using  a  powder  which  burned  slower  than  the  ordinary  fuze  pow¬ 
der.  This  type  of  powder  was  called  alow-burning,  luafi  .PQ.ttdfiX* 

Retarding  the  burning  rate  of  o  powder  can  be  done  in  several 
ways.  Included  are:  the  covering  of  the  surfaces  of  the  powder 
grains  by  a  flegmatlzlng  film.  Inserting  substances  into  the  pow¬ 
der  which  lower  its  combustion  rate,  and  the  use  of  low-wasted 
charcoal. 

Some  of  the  substanoes  which  reduce  the  burning  rate  are 
shellac,  paraffin,  rosin,  synthetic  resins  such  as  phenol-formal¬ 
dehyde  resin,  bakellte,  and  others. 

The  common  defect  of  all  fuze  powders  is  that  their  burning 
rate  depends  upon  the  atmospheric  pressure.  This  is  particularly 
manifested  In  antiaircraft  fire.  The  effect  of  the  atmospheric 
pressure  upon  the  burning  rate  Is  the  lessor  when  the  formation 
of  the  gaseous  products  is  the  lesser.  The  burning  rate  of  the 
compositions  which  burn  up  without  forming  gases  for  all  practi¬ 
cal  purposes  does  not  depend  upon  the  pressure.  In  connection 
with  this,  oorapositlons  were  developed  which  burn  up  with  the 
formation  of  only  a  small  amount  of  gases.  Tbeso  compositions  are 
characterized  by  a  small  dependence  of  the  burning  rate  on  the  ex- 
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terlor  prepBure,  and  by  a  Btnall  pensitivity  to  the  initial  tem- 
peraturep.  They  are  used  in  time  fuzep,  antiaircraft  artillery 
fuzeS)  and  in  the  production  of  delay  elementa. 

Fuze  powdere  should  satisfy  the  following  basic  requlrementBS 

a.  uniformity  of  the  separate  lots  and  constancy  of  the 
burning  time  in  the  fuzes  during  firing; 

b.  non-extinction  upon  being  fired; 

c.  high  stability,  i ,0.  the  ability  to  retain  the  constancy 
of  the  burning  rate  after  a  more  or  less  prolonged  storage  under 
varying  attnoephorlc  conditions  (beat  and  moisture). 

Cord  powder  is  used  for  the  production  of  safety  fuzes.  It 
ip  composed  of  80^  potassium  nitrate,  10^  sulfur,  and  10'^?  charcoal. 

5.  TTses  of  Black  Powder 

Black  powders  are  used  nowadays; 

a.  for  filling  time  fuzes  (fuze  powders); 

b.  for  making  the  powder  trains  serve  to  transfer  fire  to 
the  bursting  charge  in  shrapnels; 

c.  for  bursting  charges  which  are  used  in  shrapnel,  in¬ 
cendiary,  and  illuminating  shells; 

d.  for  making  delay  elements  and  flame  boosters  In  powder 
trains  and  fuzes; 

e.  for  making  powder  tablets  used  in  primer  cups; 

f.  for  making  igniters  for  charges  of  colloid  powders,  and 
for  making  pyrotechnic  devices; 

g.  for  making  safety  fuses. 

In  addition,  black  powder  is  used  in  sporting  rifles  and  for 
certain  types  of  mountain  operations  (making  block  rubble). 


SECTION  VII 


PYROTECHNICS 

Su'bRtnncef)  ena  mixt.urcK  which  proiluce  illuraine.tinf;  j  thermpl , 
Rnioke  or  pound  effects  during  burning,  end  which  are  used  for 
rallitsry  purposes  or  in  the  nationel  economy,  are  called  Trvro- 
■tachnlca. 

In  military  science,  pyrotechnic  compositions  are  used  for 
the  production  and  filling  of  illuminating,  photo-illuminating, 
signal,  tracer,  incendiary,  camouflage  and  simulation  devices. 
These  devices  are  used  as  ammunition  fillers.  Ammunition  which 
has  been  filled  with  pyrotechnic  devices  bears  the  general  name 
of  pyrotechnic  media. 

The  science  in  which  the  above-mentioned  oompositions  and 
media  are  studied  is  called  pyrotechnics,’” 

1.  Components  of  pyrotechnic  compositions 

Pyrotechnic  compositions  are  mechanical  mixtures;  they  con¬ 
sist  basically  of  oxidizers  and  combustible  substances,  and  they 
contain  admixtures  which  impart  supplementary  special  properties 
to  the  compositions.  These  properties  Include  a  coloring  flame 
which  forms  a  colored  powder,  reducing  the  sensitivity  of  the  com¬ 
position  ( flegraatlzers) ,  increasing  the  mechanical  stahlllty  of 
the  pressed  composition  (hinders),  as  well  as  others. 
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Oxlfllzere*  Nitrates,  chlorates,  perchlorates,  oxides  and 
peroxides  of  netals  and  certain  chloro  derivatives  ere  used  as 
oxidizers. 

Nitrates  of  barium,  potasslam,  sodium  nod  strontium  with  the 
salts  of  nitric  acid  are  used  most  frequently.  The  salts  of 
potosslum  and  barium  Ba  (C10„)  H^O  are  used  with  the  salts  of 
chloric  acid  in  pyrotechnics.  The  salt  of  potassium  (potassium 
perchlorate  KCIO^)  is  used  with  the  salts  of  perchloric  acid.  Of 
the  oxygen  compounds  of  metals,  those  are  used  which  are  capable 
of  giving  up  oxygen  fairly  easily:  barium  peroxide  BaO^ ,  mangan¬ 
ese  dioxide  (MnO  ) ,  lead  dioxide  (PbO_),  minium  (Pb.O^),  cinder 
(Fe  0  ),  as  well  as  some  others.  Hexachloroethane  (C  Cl  )  is  used 
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as  an  oxidizer  in  addition  to  the  oxygen-containing  substances. 

Combustibles.  Organic  as  well  as  inorganic  substances  are 
used  as  combustibles  in  pyrotechnics. 

Of  the  number  of  inorganic  substances,  hlghly-calorif ic  metals 
such  as  aluminum,  magnesium,  alloys  of  aluminum  and  magnesium,  as 
well  as  others,  are  used  as  combustibles.  In  burning  of  aluminum, 
7000  kllocal/kg  is  released.  6000  kilocal/kg  are  released  when 
magnesium  is  burned.  The  combustion  temperature  of  these  metals 
and  their  alloys  is  higher  than  the  combustion  temperature  of 
other  combustibles,  organic  as  well  as  inorganic.  Magnesium  has 
a  high  reaction  capability.  It  ignites  readily  and  burns  foster 
than  aluminum. 

Aluminum  is  used  in  incendiary  and  illuminating  ooraposltions, 
while  magnesium  is  used  in  illuminating,  photo illuminating,  and 
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tracer  compositions.  Sometimes  a  small  amount  of  magnesium  is 
added  to  signal  compositions  In  order  to  increase  the  brightness 
of  the  flame. 

Aluminum  has  a  high  ductility  and  this  greatly  hinders  its 
pulverization.  Aluminum-magnesiiun  alloys  containing  30  to 
magnesium  can  he  easily  pulverized.  An  aluminum-magnesium  alloy, 
containing  50“^  magnesium,  is  corrosion-resistant  in  comparison  to 
other  alloys  and  has  a  high  degree  of  brittleness,  which  enables 
it  to  be  pulverized  easily.  The  specific  gravity  of  this  alloy 
is  2.1$  g/cm^.  Aluminum-magnesium  alloys  which  contain  no  less 
than  90^  magnesium  are  called  electronates.  and  are  used  for  the 
production  of  light-duty  aircraft-bomb  bodies.  With  a  content 
of  8-10^  aluminum,  the  mechanical  processing  of  the  aluminum- 
magnesium  alloys  is  facilitated. 

The  organic  combustibles  include  hydrocarbons  (gasoline,  ben¬ 
zene,  kerosine,  petroleum,  fuel  oil,  turpentine,  etc),  carbohydrates 
(starch,  sugar,  sawdust  and  others),  and  resins  (rosin,  shellac, 
bakellte,  phenol-formaldehyde  resin,  drying  oil)  which  serve  as 
binders  at  the  seme  time.  The  role  of  combustibles  is  also  very 
often  fulfilled  by  some  smoke-formers  (naphtalene  and  others).  The 
combustibles  are  selected  in  such  a  way  that  they  produce  the  maxi¬ 
mum  special  effect  required  from  a  given  pyrotechnic  composition. 

For  instance,  in  incendiary,  illuminating,  tracer,  and  photo 
compounds,  the  beat  effect  is  attained  with  high  temperatures  of 
combustion.  Therefore,  combustibles  with  a  high  heat-producing 
capability  are  used  in  them.  Conversely,  in  the  case  of  smoke- 
producing  compositions,  a  high  temperature  is  not  required,  and. 
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very  often,  it  ie  not  even  desired.  Combustibles  are  put  into 
these  compositions  which  have  a  low  hoat-producin^c  ability 
(Carbohydrates,  charcoal).  Aluminum  and  inai^nesium  are  not  used 
in  this  instance,  or  else  they  are  used  In  very  small  amounts. 

Binding  Agents.  Binders  serve  to  hold  the  composition  to¬ 
gether.  They  also  give  meohanical  stability  to  the  composition 
or  to  the  semi-finished  products  which  are  made  out  of  it  (spi¬ 
ders,  segments).  Binders  have  an  effect  on  the  comhustlon  rote, 
and  the  properties  and  performance  of  the  compositions.  ?or  this 
reason,  various  hinders  and  in  varying  amounts  are  added  for  vari¬ 
ous  compositions.  JIany  hinders  protect  the  compositions  from 
humidification  at  the  same  time. 

Drying  oils,  dextrin,®*  and  natural  and  artificial  resins  are 
used  as  binders. 

Shellac  and  rosin  belong  to  tbe  natural  resins.®*  Of  the 
urtlflcial  rosins,  phenol-formaldehyde  resin,  hakelite,  and  poly¬ 
vinyl  chloride  are  used.-'**’ 

Flame-Coloring  Substances.  The  bright  flame  is  obtained  when 
certain  elements  (such  as  'Va,  Ba ,  Sr,  and  Cu)  color  the  flame  to 
a  specific  color  at  a  high  temperature. 

Strontium  compounds  color  the  flame  to  a  red  hue.  A  green 
color  is  obtained  with  barium,  while  a  blue  color  Is  obtained  with 
copper  compounds.  Certain  sodium  salts  dissociate  at  a  tempera¬ 
ture  of  1000°  and  above,  whereupon  a  nascent  radiation  of  tbe 
sodium  vapors  takes  place,  which  is  used  to  get  yellow  light. 

Colored  Smoke-Formers.  Intermediate  products  and  coloring 
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niptoriale  nre  usod  to  pet  colored  pmokos.  Thope  nre  colored  or- 
cpnic  compounds  which  transform  Into  a  vaporous  stato  unon  hnrn- 
1p(t.  On  f'.ccpplon,  inorpnnic  coloring  suhstanoos  arc  used. 

Flogiaatlv.nrB.  Flepmatlssors  are  suhstanoos  which  lower  the 
sensitivity  of  iiyrotechnic  compounds  to  mechanical  effects.  As 
a  rule,  they  also  reduce  the  hurnlnp  rate.  Iteplns,  paraffins, 
and  oils  are  used  ns  f lepmntizors. 

2.  TtEVEIIAL  liErUIPEMKVTS  FOR  PYROTECHNIC  COMPOSITIONS  A?;R  MERIA 

Tlte  following  general  requirements  have  heei'  set  for  pyro- 
tecliiilc  compositions: 

u.  the  aeslpneci  pyrotechnic  effect  {plcnallino;,  illuminatinfc, 
inoondinry,  etc)} 

h,  minimum  sensitivity  to  mechanical  effect  and  safety  in 
handling;  and  use; 

c.  sufflciont  nhyslcal  and  chemical  stahlllty  durinc  pro¬ 
longed  storniro; 

d.  stahlllty  with  respect  to  internal  thermal  effects  (spark 
non-lnflrmmahility,  etc,); 

e.  simplicity  of  the  production  process; 

f.  avallahlllty  of  the  initial  products  and  nvailnblllty  of 
n  Bourco  of  raw  materials. 

The  following  haslc  requirements  havo  been  set  for  pyrotechnic 
media : 

a.  producing  the  desired  pyrotechnic  effect; 
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"b.  safety  in  banrtlinK  and  storage; 
c.  not  sonsitive  to  bullet  shock; 

(1.  nuclipi'frenbillty  of  the  pyrotecTinic  effect  tluring  pro- 
loiiffed  storage  of  the  raodln  (on  the  order  of  several  years); 
e.  simplicity  and  safety  of  production. 

3.  PPOPRliTIKS  AVI)  TESTTVG  OF  PYT’OTKCF 'I I C  00}.[P0SITI0'-Tf: 

1.  ProportiOB  of  Pyrotechnic  Coinuositior's.  The  creator  part 
of  pressed  pyrotechnic  compositions  is  characterized  by  steady 
bnrnlnc.  In  many  cases,  oxygen  from  the  air  can  take  part  in 
the  burninc,  and,  for  that  reason,  the  meiorlty  of  the  compositions 
has  a  negative  oxygen  balance  which  provides  for  a  better  pyrotech¬ 
nic  effect  with  the  given  weight. 

'’’be  burning  rate  of  pyrotechnic  substances  is  of  great  Im¬ 
portance.  It  depends  upon  the  nature  of  the  oxidizer  and  combust¬ 
ible,  upon  the  degree  of  grinding  of  the  components,  density  of 
the  composition,  and  upon  others.  The  greater  part  of  chlorate 
compositions  burns  faster  than  tbe  nitrate  compositions.  Con¬ 
versely,  nitrate  compositions  which  contain  magnesium  burn  faster 
than  tbe  chlorate  and  perchlorate  ones. 

The  volume  of  the  combustion  products,  beat,  and  combustion 
toraperatures  can  be  determined  by  calculation  just  as  in  tbe  case 
of  explosives.  Tho  combustion  temperature  can  be  establisbod  ex¬ 
perimentally  (thermocouple,  optical  pyrometer,  spectroscopy)  only 
in  certain  compositions. 

Crrsos  or  vapors  are  formed  in  many  pyrotechnic  compositions 
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■vhpi'  tl'cy  nrn  Itnrnotl,  ivlth  thfl  ropult  +.hpt,  tliopo  nompopl tlonp 
will  tlinn  noppnpp  oxnloplve  proportl  np ,  pnrt,  In  p  i’lnnnor  pinilrr 
to  oxploplvep,  tboy  pro  ropoblo  of  oxnlorllnp  or  fletonptin"  t’  roupli 
tlio  oi'foct  one  or  piiotber  Iclnrt  of  imnnlpe. 

In  iiflflitlon,  pyroteolinir  ronponnrlp  bpve  inlierei't  pnnriF’l 
nronnrtiep  piinli  ep  e  hrifrbt  lirrhl  ,  roTorofl  -^Iptno,  i,'oeiuUKry, 
opnoliillty,  pnoke  fnrmptlon,  etc. 

''optit^g  Pyrotechnic  flomnop i  ti oiip .  Seripitivi  ty  to  umchfipi- 
cnl  effect.  '"lie  penpitivity  to  pbock  end  friction  ip  ilfttertiiincMl 
i  nelopouply  to  tliut  for  higli  oxplopivep  (poo  pepop  51“56)* 

file  chlorrte  conipopltionp  hnve  the  crentopt  penpitivity  to 
phock.  The  pcrchlorete  onnp  have  e  loppor  porpitivlty ,  while  the 
nltrrte  compopitioiip  hnve  the  loept  penpitivity. 

'’'ho  proctopt  P<HiRltlvity  to  friction  ip  poppopperl  hy  thopo 
co'upouiKlp  which  contein  chloretep  toeothor  with  pulfur  end  entl- 
lony  (Phj,Pj, )  end  meny  of  tho  orgenic  puhptpncop.  Blondp  contrin- 
ing  nitretop  ere  roletivoly  llttlo-pcnpi tivo  to  friction. 

Penpitivity  of  pyrotechnic  compopltlonp  to  initlpl  hept  lin- 
pnlpfi  ip  cherecterlzod  hy  three  velnep:  ppontnneoup  comhuptlon 
te'iipereturo ,  ignition  temporaturo ,  nnrt  coinhnptihllity  from  flemn. 

The  phyplcftl  nature  end  method  of  determlnetlon  of  the  ppon- 
tenoouR  corahiiptlon  tempernturo  of  pyrotechnic  compopltionp  ore 
Hiielogonp  to  thope  which  were  depcrlhodl  in  the  cheptor  entitled 
"Thoory  of  Rxploplvep"  for  the  ignition  tempernture  of  exploslvop. 
According  to  Zhirov,  the  Ignition  temperature  1b  the  limit 
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viilue  of  thn  Rnontanoous  combURtlon  temperaturo  at  which  the  ile- 
Iny  period  1b  equal  to  zero  (pee  page  46  ) .  It  Ip  found  by  extra¬ 
polation  of  the  delay  periodp  which  were  doterminorl  for  various 
spontaneous  combustion  temperaturep ,  bp  con  be  seen  in  Figure  61. 

TABLE  XXX 

Sensitivity  of  pyrotechnic  compoeitlons  to  flame 
(p.ccording  to  doto  of  I,  I.  Vyernlflub  and  V.  A. 
Sukhikh)* 


Composition 

Upper 
limit 
in  cm 

Lower 
limit 
in  cm 

Gunpowder  No  .  1  , 

2 

15 

Incendiary 

3 

13 

Red-colored  fire 

0 

2 

Illuminating 

0 

3 

^Copied  from  A*A,  Sliidlovskiy ’ s  book  "Fundamentale  of  Pyro- 
teohnlcB*',  Oborongiz,  1954,  page  94, 

The  flammability  of  a  pyrotechnic  oompopltion  from  e  flash  of 
fire  is  characterized  by  the  greatest  dlstnnco  between  the  snction 
of  the  time  fuze  and  surface  of  the  composition  at  which  steady 
Inflammation  (upper  limit)  takes  place,  end  by  the  smallest  dis¬ 
tance  between  the  pection  of  the  time  fuze  nnd  surface  of  the 
composition  at  which  100^  failure  occurs  (lower  limit).  ■Approxi¬ 
mate  data  concerning  the  sensitivity  of  certain  compositions  to 
flame  are  cited  in  Table  XXX. 

Stability  is  of  groat  importnnoe  in  the  storage  of  the  ready 
products.  If  the  components  of  tbe  composition  react  with  the 
evolution  of  beat,  the  composition  will  be  capable  of  sponteneous 
combustion.  If  tbe  composition  contains  components  which  can 
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ahporb  molpturo  from  thn  ni rounjpmbif>nt  aiti  then  it  Ip  cppphle  of 
bnmldif Icption  pnd  will  turn  out  to  bo  pbyplcplly  unptoble,  atul, 
RouiotimoB,  olieniicplly  unptPble  nlpo. 

In  ortinr  to  (iGtonnino  the  liypropcopici  ty  of  n  compopition, 

H  bycrroptPt  1h  uporl,  wblcb  ip  mopt  oftori  in  tbo  Porrti  of  >•  doppica- 
tor,  into  wbopo  bottom  p  ppturetert  polutlon  of  pnlt  ip  pourori  in, 

TbJp  polution  contnlnp  a  cortoln  pmount  of  the  cryptpls  of  tbo 

Ptunn  Rplt.  Oenerally,  p  pntureted  Polution  of  potappluin  nitrato 

or  common  palt  Ip  uped.  A  conatont  rolotivo  buraidlty  (at  n  irivnii 
tomporaturo)  is  eptabliahad  in  the  ppace  above  tbo  pattiratod 
RClutlon.  Tbo  topted  Rubotanco  ip  placed  into  tbo  doppicator 
over  tlie  layer  of  liquid. 

In  relation  to  the  conditionp,  the  topting  of  tbo  compopition 
for  bygropcoplclty  can  lapt  from  1  to  10  flayp  up  to  1  to  ?  inontbp. 
The  tepted  pubptancc  ip  periodically  welcbed  durlnp  tbo  courpo 
of  tbip  time.  After  the  teating  ip  finlphodf  b  curve  of  the  de¬ 
pendence  of  the  degree  of  the  compopition* p  bumldi fleatlon  upon 
tbo  holding  time  of  the  compopition  at  p  given  relntlvo  humidity 
1 P  plotted . 

3*  Computation  of  the  deiiBity  of  r  comorepped  comnopition. 
Somotlmep  it  1r  necepsary  to  know  the  depplty  of  a  propped  nyro- 
tocbnic  compopition  when  depignlne  pyrotechnic  media.  In  the 
event  there  are  no  correpponding  exporiraontPl  data,  then  an  approxi¬ 
mate  voluo  can  bo  obtained  by  the  following  calrulation. 

We  ehall  determine  the  theoretical  value  of  tbo  actual  den- 
pity  of  the  oompORltlon ,  l.e.  the  compact  pubptance,  without  gapp, 
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by  tbo  followliiff  forrniilp: 


actual 


100 


*i-+iL+  .  .  .+25- 
rf|  in 


wljoro  r'j ,  -  PCtunl  rtennitlep  of  tbe  componBi’tP , 


••••‘n  “  porcontaffo  oontent  of  thopo  nomponontp 
in  tbe  compopition. 


^le,  61  -  Grnpb  for  rletormlninff  Ignition  toinporaturc 


T)ie  obtained  magnitude  d  bap  to  be  nmltlplled  by  tlm 

8  C  TUB  1 

coefficient  of  rtonpity,  which  Ip  a  ratio  of  the  magnitude  of  the 
practically  attainable  (i.o.  unknown)  denplty  of  the  corapopitlon 
to  tbe  magnitude  “ao-juai* 
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Tho  coeff iploiit,  of  rtnnpity  for  tbo  mn.iority  of  pyrotoo^mln 
roinpositioiiR  flnctnntnp  vvlt,1»in  limitp  of  O.7-0.R,  whilo  tho 
f lurt.uatloi’  ip  O.o-O.f'i  for  trnoor  oompopi  1,1  opp . 

'4.  1  SMTTNf:  OOMPORlTroN'R 

1  •  IjUIiiIpoup  r1ii>r»ic1,orl  Ptt  CP  of  i  1 1  iiml  n.iti  tin-  coiimopitloiia 
and  medio.  Illuinlnptl  n?r  mndln,  ivhlnli  pro  fillotl  with  artiolop 
(illurainptp,  ptnrp)  mode  out  of  1 1  Iniiiliip tl nc?:  norapopitioiip ,  pro 
used  to  llfflit  up  popltlonp.  A  hiph  power  ip  required  from  the 
illuminpntp  and  ptorp. 

The  llg:ht  which  Ip  radiated  duriiur  their  hurninp:  had  to  pro¬ 
vide  for,  In  addition  to  n  piifflclont  diptinctnopp  of  obporva- 
tion,  pIpo  an  accurPte  dipcrlmitiPtio!!  of  tlm  color.  The  letter 
can  ho  popplhle  if  the  radiation  of  the  hiirninnr  puhatancn  approxl- 
matop  that  of  the  pun’p  radiation  to  which  the  human  oyo  can  be¬ 
come  accuptomed  and  adapted. 

In  addition  to  the  requlrementp  for  a  bieli  illuinlnatipR  power 
and  a  ppeciflc  ppectral  radiation,  a  third  boplc  requirement  ip 
pet  for  thopo  articlop:  tho  linear  bnrnlne  rate  phould  be  a  unit 
of  ml  11  liiioterp  per  pocond.  Tlie  Itmlnoup  intensity  and  burnine: 
rate  are  important  cbaracterlpticp  0^  Illuminati  ns:  compositlonp 
and  art  id  OR  which  are  made  out  of  them. 

The  Illuminating:  coraposltiooR  are  charartorized  by  the  epoci- 
flc  light  sum,  l.e.  the  amount  of  light  energy,  which  Ip  evolved 
in  the  combuption  of  1  gram  of  tho  llliinil noting  compopitlon: 
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L.  =  “  cnndle 
o  m 


sec/g 


where  m  -  weight  of  the  article  in  gratne; 

I  -  luniinoBity  In  canrtles; 
t  -  burning  time  of  the  article  in  soconrtP. 

Kxamnlo.  A  ptar,  propped  out  of  en  illumlnntlne  corapopitlon 
and  wolghinc  50  grams  burns  9  peoondp,  generating  a  lumlnopity  of 
100,000  candles.  The  specific  light  sum  of  the  composition  Is: 


100,000  X  9 
^•0  =  50 


18,000  candles  sec/g 


Illuralnatlng  media  are  characterized  by  the  luminosity  w’lich 
is  radiated  upon  their  burning,  and  which  is  obtained  by  the  illu- 
uunation  of  a  locality.  Luminosity  is  determined  by  a  photonlon- 
tric  photometer,  consisting  o£  a  photocell  and  device  for  measur¬ 
ing  the  photoelootric  current.  A  direct  proportionality  oxlpts 
between  the  lumlnopity  and  magnitude  of  the  photoelectric  current 
(upon  observing  the  rules  establlphed  for  photomotering  lllmnlna- 
ting  compositionp) .  The  required  llluminEtlon  of  a  locale  by 
illuminating  media  should  be  on  the  order  of  1-?  meter-candles, 
nnd  duration  of  illumination  phould  be  no  less  than  10  pocondp, 

2 .  Choice  of  illuminating  composition  comnonents  with  high 
luminuus  indexes.  ’Then  selecting  the  components  for  an  llltimln- 
utlng  composition  satisfying  the  requirements  of  a  high  specific 
light  sum,  the  well-known  physics  assumption  that  the  radiation 
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O'f  poll'l  Piul  Ijotild  pj'rticlop  wMnli  pro  liontorl  to  r  tilr'b  tninT^orn- 
tnrn  will  linBlciilly  oonform  to  the  low  or  tlie  rptlioflott  ;-.v 
nlisolutoly  liliick  body,  lo  nsod  pf  n  Fiiido.  'I'be  intonsity  of  rndi.i- 
tion  of  PI)  Fhpolutoly  bliiok  body,  nonordinp-  to  tbo  Rtofr'ii-ltoltwnfiiii' 
low,  ip  diroctly  proportioonl  to  tbo  fonrtb  powor  of  tlio  nbeoltito 
tomporo tore .  Ruoh  o  rndiotion,  dependnnt  on  tbo  opolllntory  inove- 
iiiont  of  elflotroiifi  pnd  loop  wiiloh  is  nccouipanled  by  the  iiiovemont  of 
the  tnolonulep  of  solid  or  liquid  bodies,  booted  to  end  above, 

is  cftlletl  temperature  or  beat  radintion. 

In  comparison  with  solid  or  liquid  substances,  the  tempera¬ 
ture  radiation  of  gases  and  vapors  Is  very  insignificant. 

The  mechanism  of  the  origination  of  temperature  radiation 
consists  of  the  following.  Constant  collisions  and  Interactions 
of  solid  and  liquid  particles,  which  are  ohtnined  ns  the  result 
of  a  rapid  and  disorderly  oscillntlnp  movement,  lead  to  continu- 
otis  and  irrofrular  changes  In  the  velocity  of  movement  of  the 
electric  charges  (oloctrons  and  ions)  entering  into  tl)e  coviposi- 
tion  of  the  substance’s  particles.  The  oscillations  of  tlm  cbarres 
In  turn  prorluco  oloctroma.giiotlc  wevos  of  every  kind  of  frequency, 
wblcb  in  turn  are  tbo  cause  of  the  formation  of  a  dense  spectruvi 
(concerning  radiatlois  which  are  close  to  monocbroinatic ,  see  p.  ge 

'.’or  getting  the  greatest  Intensity  of  radiation  during  tbo 
burning  of  lllmniuutlng  compositions: 

a.  they  8])0uld  contain  components  which,  upon  burning,  will 
form  either  solid  or  liquid  substances  at  combustion  tomperaturo. 

b.  the  blgliest  possible  combustion  temperature  of  the  com- 
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l)OPltion  ip  roquiroil. 

These  rnqui ronmnts  nre  setisfiecl  hy  compositions  oontninin£>: 
.'ilumlnnm,  meffneslnm,  or  its  alloys  as  the  comhustlhlo.  ’^'Tliiln 
burnin;?:,  the  metals  form  oxides,  which  are  either  in  the  solid 
or  liquid  state  at  oomhustion  tompern tore .  A  larco  amount  of 
heat  Is  evoivetij  owltisr  to  which  a  high  combustion  temperature  is 
obtained . 

because  the  human  eye  is  most  sensitive  to  the  yel low-oreen 
portion  of  the  sneotriim,  tlie  illumlnatlnp  compositions  are  chosen 
in  such  a  way  tliat  a  preen  or  yellow  lipht  would  hti  primarily 
radiated  duriiip  tlujir  hurninp.  This  Is  obtained  thronph  the  use 
of  barium  nitrate  up.  an  oxidis^nr.  harinm  nitrate  decomposes 
fairly  easily  at  nu  elevated  temperature .  '^'’be  boriTim  oxide  'vliiol’ 

is  formed  clurlnp;  tdie  decomposition  of  the  barium  nitrato  ])roducnF 
u  dense  spectrum  with  the  yollow-eroon  part  beinc;  predominant  (nls 
seo  pnpe  2U6) , 

Salts  of  sodium,  dooomposinp  during  combustion  and  r' 'loasi np 
sodium  atoms  wliic.h  rndiato  yollow  rays,  increase  the  liplit  power 
of  the  llluminatinp  nompositions  wiiich  contain  barium  nitrate. 

3 •  Sensitivity  of  illuminating  comnositions  to  menhnnical 
effect  and  choice  of  oxidizer.  Illuminating  compositions  have 
particular  requi rer.ion t  wltlt  respect  to  the  sensitivity  to  mnrlu'n  i - 
cal  effects,  wl.icli  are  the  result  of  tho  service  conditions  of  tin- 
illuminating  inoiiia.  The  employment  of  artl  llory-typo  i  1  luiiii  n.  I  i 
shells  (primarily  in  Hindi  urn- ca  1 1  her  howit7orR)  imposes  ronni  remi'n  i 
which  limit  tlio  shook  sensitivity  “f  the  compositions  to  thn  pap- 


mittofl  BtroRBes  wlilch  have  been  pot,  for  exploRlvos  upon  firing. 
Also,  the  employment  of  flare  bomhe  nnii  photo  bombfi  makee  it 
iieceBeary  to  roptrict  the  ponflltivity  of  the  composltlone  which 
are  useil  in  them  to  blows,  bullot  phook,  and  ponotration  of  the 
bomb  by  fraementp. 

Thefie  circumBtanooB  exclude  the  possibility  of  iiBine:  cl  lorate 
corax)OsitionB  in  the  pbove-llBtod  munitions,  and  led  to  the  iiocobb- 
ity  of  usinfr  lesB-sonsltive  compositions  on  a  base  of  barium  ni¬ 
trate. 


4 .  Effect  of  binders  on  the  nronerttes  of  illuminating  coin- 
nositions.  Elndors  reduce  the  briehtnoss  of  flames;  for  that  ren- 
flon,  their  content  in  a  coniposition  is  limited  within  limits  of 

5  to  6^1.  SuhstanceB  which  provide  a  sufficient  mechanical  stahil- 
ity  for  the  pressed  article  when  used  in  an  insienlficnnt  quan¬ 
tity,  are  used  as  binders.  These  suhstnnceB  include  phenol- 
formaldehyde  rosin,  hakollto,  and  n  solution  of  rosin  in  drying 
oil . 

The  binders  also  play  the  role  of  a  delay  element.  If  tho 
combustion  rnto  still  remains  blnrh  with  a  binder  content,  thou 
a  port  of  the  combustlblo  in  the  form  on  a  coarBO-srrnlnod  metallic 
powder  is  inserted.  This  will  also  delay  hurnlnp.  In  case  of 
necessity,  the  burning  rate  is  roduoed  by  an  increase  in  the  block¬ 
ing  pressure  (i.e.  by  an  increase  in  the  density  of  the  object). 

5.  Formulas  for  illuminating  compoaitioiis.  Examples  of 
illuminating  compositions  nro  shown  in  Table  XXXI. 
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TABLE  XXXI 


Illuminating  Substances  in  "jo 


Coinponents  | 

I 

I 

r7~ 

111 

IV 

Barium  nitrate 

66 

68 

75 

80 

Aluminum 

I 

28 

18 

15 

Magnesium 

30 

4 

Iditol  or  shellac 

4 

4 

Drying  oil 

3 

6  (over 

100%) 

Mealed  black  powder 

i 

— 

-- 

- 

5 

Tho  composition  listod  in  tlie  last  column  of  Table  XXXT  u'np 
used  in  Pogrebnynlcov '  s  sholl.  The  mealed  black  powder  in  it  was 
Intended  for  faci  1  i  1  n  1  i  up;  itrnitlon. 

6.  ■C.QJid-Lti.auH.  flf  blocking  _ll.luininn ting  comnositians.  Iiln- 

ininotiiiG:  composi ti otis ,  which  are  used  ns  fillors  for  pyrotf5cbnir 

media,  are  eonernlly  blorkod  into  .ieckets  under  a  pressure  of 

500-1000/kg/cm^.  riluinination  "stars"  are  blocked  under  a  pressure  of  2000-3000  kg/cin'^'. 
The  blocking  pressure  is  selected  in  relation  to  the  properties  of  the  composition  and  rec[ulre- 
ments  of  burning  rate,  (lenerally,  the  object  is  blocked  into  a  cylindrical-shaped  form, 
and  one  face  has  a  flammalile  composition  added  to  it  during  blocking.  A  quickmatch  for 
ignition  is  also  Inserted  into  this  face. 


-235 


A 


Fiff.  6?  -  122  mill  lone-rnnpo  illumitintinc  howitzer  pro.loctlln 

1.  Rhell  ciiRo  2.  upper  tUfiphrnf'in 

3*  illumlnnnt  ha  1  f-cyl i iitJerp 

4t  illuminnnt  .iaclcot  5*  1  lluinintitinff  torch 

6.  paractiute  lialf-cylintTors  ?.  parachute 
6.  felt  saskot  9.  cardhonrrl  paskot 

10.  load  obturator  rinp  11,  hope 

12.  burster  13*  ecrew  top  14.  fIoovc 

15*  liold-dowi:  BCTOW  for  nttnclcinp  head 

16.  tinio-fuzn  hold-down  bctow 

17.  time  fuze 
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7*  Kxamnle  of  illuminating  nroiactile .  viguTo  6?.  rI'Owr  a 
122-miu  1  llumi  tin  tine;  howitzer  proiectlle,  which  llghtR  up  an  oron 
of  up  to  1000  motoTB  for  50  to  55  seconds  at  a  bursting  hoiirht 
of  about  500  meters.  ">(0  luralnosity  is  up  to  500,000  candles. 

hurii’g  the  pro  .jnnti  lo '  s  flight,  the  giiRes  of  the  burster 
ctiargo,  whicii  have  1)0(mi  iguitod  by  a  flash  of  flame  from  the  tiiiin 
tuzo,  o:ject  and  ignite  the  torch.  The  torch  ami  parachute  nro 
placed  into  hal  f-eylimlers  which  protect  them  from  damage  at  Llm 
moment  of  e.ioctio!  .  After  flying  out  of  the  projectile's  ciise, 
the  half-cyli '.'dorr-!  fall  apart  and  free  the  parachute  upon  whinh 
the  burning  torch  Is  Fuspendod.  To  prevent  tlin  paracliute  shrom! 
lines  from  twistiiU',  the  torch  is  ocpiipped  wi  tTi  a  nivot  yoke, 
rotating  on  hall  lioarings. 

5.  PT'OTO-IT,T,fr?.!T\'AT10S'  OOMPOSITTOXR  (PHOTO  PhKMlS) 

Speoiiil  pyrotechn I  c  compositions  -  photo  hlonds  ~  are  used 
to  light  uji  an  area  for  night-time  aerial  photograuhy  onrposcs. 

mhe  rnqnirnment  of  a  photo  blend  is  to  produce  a  large  fniidUi  I 
of  light  in  (he  course  of  a  sliort  period  of  time,  on  the  order  of 
hundredtliH  of  a  second.  Ulion  aerial  pictures  are  taken  from  a 
plane  flying  at  l■■n  altitude  of  1000  meters  or  higher,  the  rmniirnd 
luminosity  is  ohiained  from  a  candle  power  of  hundreds  of  millions 
or  from  severe]  billion  randies. 

Pbotograpbic  matorials  possoss  a  varying  sensitivity  to  tlm 
rays  of  different  lengtli  waves.  Tlierefore,  the  plioto  blends  upon 
burning  sliould  rediaie  tbo  light  of  a  spectral  composition  winch 
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is  corrosponrlent  to  the  sonsitivlty  of  the  photo  film. 

On  the  basis  of  what  has  been  mentioneci  above,  the  following 
basic  requlreraonts  nro  necessary  for  photo  blonds: 

a.  the  photo  blends  upon  bnrnine:  should  emit  a  larfie  amount 
of  light  energy; 

b.  they  shonlrl  burn  up  very  fast; 

c.  the  combustion  products  which  are  formed  during  tlie  flo- 
flagrntion  of  those  blends  should  have  a  large  amount  of  high- 
melting  solid  or  dl  f  f  i  eu]  t-to-volr. ti  1  i  ve  liauid  particles  which 
emit  light  well; 

d.  the  flame  shonld  have  the  highest  possible  temperature. 

These  roqui reinoiits  are  satisfied  to  the  highest  degree  by 

blonds  of  magnosiinii  powder  or  nluminuin-magnosium  alloys  with 
various  oxidlsierp.  Aluminum  without  an  admixture  of  magnosium 
is  not  used  in  photo  blends  bocauso  Its  combustion  rate  would  not 
bo  sufficient. 

Nitrates,  but  not  chlorates,  are  tised  as  oxidigers  for  tho 
same  reasons  as  in  the  selection  of  an  oxldlger  for  Illuminating 
compositions. 

Mo‘st  of  all,  photo  blonds  which  are  composed  of  magnesium 
powder,  strontium  or  barium  nltrnto  are  used. 

6.  T'-UGEP  COMPOS ITTO^'R 

Tracer  compositions  are  used  for  marking  the  f*light  path  of 
a  bullet  or  proiectile  (formation  of  n  trail,  track). 

TTeretofore,  burning  tracer  compositions  (night  operations), 
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and  smoko  compositions  (tlayligbt,  operations)  wero  tisod.  ^xporinnnc 
showed  that  pmuk.i!  traoor  compositions  dirt  not  oasuro  the  nocospary 
visibility  of  tho  flight  tra.ioctory  of  a  bullot  or  pron'octilo  ntone^ 
its  ontlro  ]inth.  'finvi-oforo ,  only  burninp:  tracer  compositions  are 
used  today. 

The  f andamontP  1 P  of  f'ssembllnE:  tracer  compositions  (wliitn 
IftiCorH  ospocialjy)  I'.iid  their  proportlos  arc  vtjry  closi!  i.o  Mi;  i  o'' 
tho  i  1  lur.ii  na  i  i  Ilf':  ro>  inopitions.  ’’’hip  stoins  from  tho  rcijui  ;l'oi  loi;  i.s 
pot  forth  for  i.hi!ii  ’.vhicli,  in  many  rospocts,  coinciilo  withi  the  ro- 
rinl  roiiiontp  for  i  11  iii'ii  luit  i  nr  oomposi  tions  .  '"rreor  nonrnos  i  t  i  ocs 
plionl  d  s 

a.  rnloapo  the  maYimiim  attai  nnl'lo  qnantity  of  lirht  rMior-v 

imon  l/urnirn.': ; 

b.  burn  n1.  pot  rate; 

c.  have  rront  stability  and  bo 'Cblo  to  bo  comprnspci'  nnif  i'  ■ 
larro  prossuro  (from  1000  to  f^<000  kr/cin^).  This  pmcTiidps  lb" 
pORPihi  1  ity  o'"  a  imriinl  or  complete  bnrn-ont  in  tho  bom; 

rt,  unrailinr  irnition  from  tlio  irnition  composition; 

0.  to  loavo  the  Maxlmnii!  jionstbln  nmonnt  of  slag  in  the  re;  i 
of  tbo  liullot  or  r)vo  ,joct  i  lo .  This  is  nneossary  for  a  iiiinimtri 
change  in  tho  vvoitht  of  tlto  bullot  or  projoctile,  which  lins  ;;i' 
effect  on  the  rigidity  of  the  trajectory.  Such  a  requirement  is 
set  for  those  mmiitious  in  which  tho  weight  of  tho  traoor  ele¬ 
ment  ip  quite  largo  in  comparison  to  tho  overall  weight. 

llHrium  nitrate  is  yirlinarily  usort  as  an  OTcirtiror  in  white'  I  m  r^r 
compositions,  whilp  strontium  nitrate  is  usort  for  rori  (i-pri'm. 
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Tpblo  XXXII  phowp  pome  oxpmploR  oT  biirnintr  trnoer  compopitionp 


TABLE  XXX II 


'i^rpcor  Oompopitionp 


CoinponenK 

White  fire 

Red  fire 

Barium  nitrate 

£6 

Strontium  nitrate 

60 

Magnesium 

35 

30 

Resins 

10 

10 

Trnoor  coiiDOPitloup,  conpiptinff  of  r  blenrl  of  nitrptop  with 
mrpnoplum  pnri  replnp,  mid  blockorl  nodor  histh  proRPure,  aro  not 
rolipbly  iirnitofl  by  the  po wrier  cnpep  upon  being  fired.  Blrnm.ir'bln 
mixturep  rre  iiped  to  Irniite  thnn.  Thepo  mixturoR  burp  under  high 
preRRures  durinc:  tho  travel  of  tlie  pro.loctilo  or  bullet  along  the 
bore.  So,  in  order  to  avo'ld  ranitl  burning,  Rllrrbtly  geRooup  nom- 
popitlons  piioh  pp  n  blond  of  b.nrinni  peroxide,  berium  nitrate  and 
megnopiuin  with  n  minimum  nmonnt  of  binder,  ere  iiped.  The  addi¬ 
tion  of  brriuin  peroxide  to  thoRo  blendR  increpROR  thnir  Roneiti- 
vlty  to  initiel  tbormnl  impulpo  end  providep  for  an  unfailing 
ignition  from  tho  powilor  gopea  ni  tho  momont  of  firing,  "'e  phnll 
rite  two  exemplep  of  f li’.m.iinblo  oompopi ti our  for  treoerp: 

1.  F-0'^.  ,  IF  '  Pg  ii.id  P'^-  bimler 
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2.  -4?’'  .  ii<>  ( '-O^  ) ,  30  .  liaO  ,  13  '  Mrr  and  nheiiol  forum  lia;- 

»»  '•  P.  ~  ' 

byde  ropia. 

Vpor  of  'I'rnnor  rjoiniwpi  ti  oiip  .  Trooor  conipopitionp  aro  uroi' 
as  fillorp  for  tri'oarf  in  bicbexplope  ,  Tii  rcb-oxplosi  vn-i  ncand  i-a  ry  , 
ormor-piorci njr  oiid  pbapod-clifircre  projoctilos,  and  for  prmor-oiorr 
inp  and  bpTl  -tracor  Pinall-armp  niimuinition. 

"'bo  ti'arnr  roinpopi  t.ion  1p  i*''Mit,r>d  upon  firirifi:  oi  l.ltor  ilirar;n 
by  tba  po'vdor  aapop  or  by  nioatip  of  a  norrnssion  oar*,  'vblob  jp  pot 
of^  by  a.  ])orrni  ppi  on  riocbanipm. 

Tbo  arl  vfiiii  a  00  of  flio  first  tyoo  of  (,raoor  is  tbo  pitimbi  r  i  ( 
of  tbo  a rraitfronioni .  Tbo  dofnctp  nro;  tbo  possibility  of  a 
corrosive  offont  oi'  tbo  boro  by  tbo  cornbiistlon  prodnctp;  pi'Mii"- 
o'.vay  tbo  flrina  oosi  lion;  tbo  traoor  nbarco  can  bo  doforaioil  dui'  - 
in?  its  travnl  aloofr  Ibo  boro  by  tbo  prossiiro  of  tlK?  ])owdor  ";  pof 
wblcb  can  caopo  a  foist  burn-ont  with  resultant  "abort  tracor"; 
and  an  Insurfioiont  lu^rtnotipintion  of  the  tracor  rbarco. 

Traoorp  with  a  porcuasion  cap  aro  dovoid  of  tbnpo  ilofoni!-, 
but,  on  tbo  o  tiior  bfnni ,  tboy  ore  moro  coiiiplox,  owinp  to  wlii  rb 
they  aro  raroly  usoil . 

A  tracor  of  Ibo  i'irst  typo  is  coraposnd  of  a  'iiotallin  l.mii'p 
into  wblcb  tlio  tracor  composition  is  forcod.  Tbis  is  1  lliiptr.  fi  ii 
in  ripuro  63.  Tlii-  )iody  is  cnyipod  with  a  celluloid  dipk  in  onu  r 
to  molfo  tile  composition  air-tiirbt.  Tbo  tracor  is  inserted  i  to 
a  screw-011  plnr  wb  i  f1i  is  nttnebed  to  tbo  fn::^o  or  inserted  diiorii 
into  tiio  iiufiy  of  llir;  projectile,  f'ierure  fh  sbnws  a  (ranter  r'u'i.. 
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1. 

3. 


I'ig.  63  -  Tri-icer  for  ?n)-5  fiizo 

pcrow-oii  pine  ?.  tronor  liolflor 
trPfior  conmopition  U,  oellulold  rllsk 


'•’is;.  6U  -  Trpcor 

1.  trocer  borty  (ptonl)  ?.  trsoer  ooinnoflltlon 

3.  Ijrnltlon  compoBltion  U,  rlnpr 

5.  nut  6.  colluloid  iHflk 
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65  -  f 

inli-nxpl  of!  v('  r -iloptnirti  nn 

trfionr  pm.jppti  lp 

1 

.  i  ?>■  i >  i  t  i  n  ,'7  no'.n [)o  s  i  1.  i  0  n 

p . 

trnnPr  coriDOPi  ti  on 

.  pro  ;joctl  1 0  PC  po  4  . 

rn?;n 

5.  Tiurptlnr  nli.-  jmc 

r, 

.  FiipprPFPor  7.  yiin 

P. 

rlntoiifitor 

poflort  of  f!  pollcl  inetpl  sloovo  into  which  the  trecer  ooraposition 
is  prepperl.  rieuro  ^5  shows  a  hieh-oxplosive  self-destruction 
tracer  shell.  After  the  expiration  of  a  certain  period  of  time, 
the  tracer  composition  Ipaitee  the  fuze  and  causes  nn  explosion 
of  the  projectile,  so  that  the  unexploded  anti-aircraft  projeot- 
llo  would  not  fall  on  tlio  pround. 

A  tracer  «lth  n  percussion  mechanism  is  shown  in  Figure  66. 
At  the  moment  of  firing,  the  percussion  plunger  heats  up  the 
friction  primer,  a  flash  of  flame  goes  through  the  powder  delay 
oloment  into  the  trecer  composition,  and  the  gases  which  are 
formed  eject  the  sleeve,  thus  opening  up  en  orlglce  of  the  exit 
of  the  flame.  The  visible  flame  (trace)  appears  at  a  distance 
of  about  I5O-2OO  meters  from  the  weapon,  which  thus  does  not  dis¬ 
close  the  firing  position  to  the  enemy. 

7.  NICtITT  PICr^TALhlva  CO’.tPORITTO'^S 

1.  ag_a(ir.a,LJtif:o,r.inRtlon  concerning  signalling  media.  Signal¬ 
ling  media  are  used  for  corainuiilcptions  hy  means  of  giving  off 
signals  which  are  seen  at  a  distance.  They  ore  subdivided  into 
day  and  night  signalling  devices. 

Night  signalling  devices  give  off  colored  flames.  Throe, 
four,  or  five-colored  systems  ere  used  for  signalling.  The  host 
is  the  three-color  because  its  colors  -  yellow,  red,  and  green  - 
are  the  easiest  to  distinguish  by  tlie  eye.  When  the  four  and 
five-color  systems  are  used,  blue  or  white  color  is  used  in  addi¬ 
tion  to  the  other  three.  These  two  colors  are  difficult  to  make 
out  at  a  fairly  long  distance. 
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Flf.  66  -  Vi-iinor  witli  pftrriippioii  moclinnl  sm 


I.  trocnr  Pody  2.  stool  mnskot  3*  trncor  ooiiirwRi t  i o n 
4.  ic;iiltioti  c'oiiipoKiti on  5*  fTftRlcot  6i,  prlnior  ovip 

7.  friction. primor  R.  Rnfoty  cope  9.  percuRpion 
pluiipor  10.  rIoovo  (vitli  powder  tlelny  oloniciit 

II.  lend  ri im 


2 .  LlrJLt-nrii<Lij.£i,in<:  _clii'rac,.toristicB  of  Rignnl  coitino b i  t i o .  .r . 
Signal  (lovic0R  aro  filled  with  nrticloB  (Btarp)  which  havo  hoen 
uiarlo  out  of  Biptiall  i  nc:  coiupoK  i  ti  one  .  Tho  basic  rorpiirR'icnts  o  •' 
Blgnalllng  coiiipopitloiiR  with  rospont  to  the  chnrnotnr  of  o.iiiRRion 
of  the  fliuiiop  dlfforp  froi.i  tho  corresponding  reriulremont  for 
illuminating  compORltionH;  the  oinisslon  should  he  as  close  to 
1110  no  chroma  tic  as  posslhlo.  Tho  tnoRt  important  chnrnoterl  stl  c  o'-’ 
composi tlons  which  oro  iiHod  for  rinlcing  signal  stars  is  the  Twri ty 
of  the  flamers  color,  which  is  evaluatod  hy  tho  ratio  of  the  in¬ 
tensity  of  monoohromnl 3 o  omispion  to  the  intensity  of  the  onti 


vlpible  emisnion.  This  ratio  Is  ordlnpirlly  oxpresped  In  percents, 
and  should  he  no  loss  than  70'^9  for  the  human  eye  to  make  a  clear 
distinction  between  the  flamers  colors. 

3.  Selection  of  the  comnonnnta  for  signalling  commsitii)-na. 
The  sharpest  colored  flame  of  the  bnrnljig  composition  is  obtained 
owing  to  the  illuml motion  of  the  gaseous  phase;  the  atoms  and 
molecules  of  this  phtiso  emit  energy  in  a  narrow  region  of  the  vi¬ 
sible  spectrum.  !<^or  example,  yellow  rays  are  obtained  during 
the  atomic  radiation  of  sodium.  During  the  hurnlng  of  composi¬ 
tions  contaitiing  barium  nitrates  or  strontium  nitrates  as  woll 
as  chlorine-containing  suhstances  (polyvinylchloride,  hexanhloro- 
fithane,  chlorates),  the  oxides  of  strontium  and  barium  convert 
into  easily  volatlgorl  monoohlorides  SrCl  and  EaCl.  The  first  ono 
emits  red  color,  while  the  second  one  emits  green  light. 

’Ve  shall  note  that  the  vaporous  oxldos  of  harluin  and  stron¬ 
tium  also  omit  rays  -  the  first  one  green  and  the  second  ono 
emits  red  rays.  Powover,  the  concentration  of  the  vaporous  oxides 
in  tho  flame  is  very  small  on  account  of  the  small  elasticity  of* 
their  vapors.  Therefore,  the  intense  light  of  solid  and  liquid 
oxides  of  barium  or  strontium,  and  having  a  compact  spectrum, 
damps  the  weak  light  of  tho  vaporous  oxides.  The  emission  of  solid 
substanoes  (oxldos  of  metals),  which  produce  a  compact  spectrum, 
should  not  take  place  in  sigualllng  compositions,  or  else  it 
should  be  Inslgnlf leant  in  comparison  with  the  emission  of  the 
gaseous  phase. 

Chlorates  and  nitrates  are  used  as  oxidizers  in  signalling 
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cojnpoBitiotip,  Blonde  of  potneeium  chlornte  wltB  tlie  coinlniRtlblo 
burn  more  intensoly  thnn  blende  with  nitrotee. 

The  specific  lipibt  sum  of  slpriiBlllncr  compopitions  should  bo 
exprospod  by  e  vrluo  which  ip  no  lees  than  several  thousand  candlos 
FFic/fr.  The  Imninosity  w1\ich  is  omitted  by  the  flf.nop  of  the  burn- 
Intr  star  should  he  nxprossod  in  thonsaridsi  and  oven  more  profer- 
fihly,  In  tons  of  thoupondp  cendlns.  The  burniiif’:  o^  the  propped 
RubstoncG  phould  tnlcn  niece  with  n  ppoed  of  sevnrol  i:ii  1  1  iricitorf- 
pnr  second. 

'4.  Ooiii-poBitioiis  for  rod  fire.  Rtrontium  comT)Ounflp,  nrim.- ri  ly 
in  the  form  of  curi.'onntop  or  oxelatos,  are  i  nsnrtnd  into  t1ie  noi.i- 
positions  in  order  to  ohtrln  r  red  color  of  the  flaino.  i.er  Ihol  li;  i. ' 
salt  Is  used  as  an  oxidizer,  i^en  these  substances  burn,  stron¬ 
tium  chloride  is  foi'ined,  which,  at  «»n  elevated  tomperntnro ,  dippooi 
ates  accordinji:  to  the  reaction: 

SrCl,;nr2SrCl-fCI». 

Strontium  monochloride  omits  red  rayp.  One  exrmpln  of  ?■  com- 
position  for  rod  fire:  bOlO,,  ,  15'’  phenol  formrl- 

dehydo  ropln. 

Compounds  which  contain  strontium  nltrnte  are  also  usm! .  Tn 
this  particular  oape,  iiiapnesium  is  added  in  addition  to  on  orpi  iiir 
combustible.  In  order  to  transform  the  oxides  of  strontium  whiol' 
are  formed  durinc:  burninfr,  chlorl  no-contal nlnr  suhBtanoos  ore  i:i- 
BOrtnd  into  the  monochloride. 


-  247  - 


5.  fireen  flr»?  coinnoBltionH.  Rarlum  componnrtp  aro  upod  to 
pet  preen  flai;ios.  The  mopt  favorable  ip  barium  oblorate,  which 
is  an  oxiilizor  at  the  same  time.  A  defect  of  compopitionp  con¬ 
taining  barium  chlorate  ip  their  pront  eenpitivlty  to  mochcii- 
cal  effect. 

vviien  a  compound  containing  barinm  chloride  burnp,  haCl,,  Ip 
foi'mod  which  then  flippoclatop  with  the  formation  of  Br.fJl ,  nviilttod 
preen  rayp.  The  compopltloup  for  preen  fire  are  phown  in  '"abln 
XXXIII. 


TABLE  XXXIII 

Examples  of  green  fire  compopltlons  in  <^1 


Components 

1 

11 

Barium  chlorate 

89 

65 

Phenol  formaldehyde 
Sfiehac 

11 

15 

liarlum  chlorate  can  be  pubptitutod  by  nitrate;  thlp  loworp 
the  pongltlvlty  of  the  compopltlon  to  mochnnlcal  effect,  but  at 
at  the  pame  time,  the  color  of  the  flnmep  worpenp  pomewhat.  The 
following  ip  related  to  this  type  of  pignalling  compopltlon;  6y% 
KClOg ,  25^  ba  12i,  phenol  formaldehyde  resin.  fJreen  fire 

compositions  are  also  made  on  e  base  of  barium  nitrate  and  chloro- 
organic  compounds. 
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6.  Yellow  fire  comnoBitiona .  Sotllum  paltp  -  POillum  oxnlnto, 


soflium  fluorlrte,  ond  porno  otlierp  -  ore  nped  to  eet  yellow  flrop. 

The  peltp  plionld  lie  non-hypropoopio  end  phould  dlpponlnto  nripily 
at  elovatoil  teraporetiirn . 

i\n  oxruniile  of  n  yollow  fire  rompopition  1r;  KCIO,  ,  ?5  ’ 

,  15’’  nhenol  forumldehyde  repin. 

A  pnuill  (pientlty  of  elunilnura  (up  to  5^>)  or  of  an  alnninnm- 
I'li'i'inepium  alloy  ip  poiaotimop  Inporterl  into  the  oolored  flame  rom- 
pofiltlonp  po  that  the  hrlghtnopB  of  the  flamop  could  bo  increapod. 

?.  T'pep  of  night  plgnalllng  comnopitionp.  'ijrht  plfnnlliua 
compopitionp  are  upod  in  ?.(>  ram  ahellp,  rifle  (rronadep,  and  lii'^-h- 
power  pipnalp. 

?6  mm  piijnnl  phollp  are  uped  for  oiprht  pifrnalllnc:  up  to  r 

V' 

rrn£>;o  of  7  Their  oonptructlon  ip  phown  in  vicrure  67.  '^’ho 

burnlni''  time  of  the  pisnal  "ptarp"  ip  about  6.5  pecondp.  Tbo 
luminopity  1 p  no  more  than  10,000  cnndlop. 

hayllp-ht  pignBlllnp  Ootnuopltlonp.  '’'be  po-called  dry- 
light  compopitionp  are  upod  for  pipnellinr  dnrini?  the  daylipht 
hours.  Thcpo  iirodiice  tinted  (colored)  praolcop  durlnp  burnina:. 
Colored  pmokop  are  nlpo  upod  in  artillery  pro.iectilep  In  the 
form  of  ii  pmall  cburnjo  which  oolorp  the  explopion  prodnntp  for 
racllltotl  n<r  fire  correction. 

Smoke  ip  a  colloid  pyptem  conpipting  of  finely  pulverised 
solid  perticlop  {dipporped  pliapo)  which  are  puppnnded  in  air 
(dlpperplon  medium).  If  the  dlpperpod  phaee  ip  a  liquid  pubptaucc, 
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Fie;.  67  -  26  imn  niglit  si gnnllinp:  shell . 

1.  cfirdhoorfl  closlnp  plug  2.  felt  pncklnp 

3,  paper  shell  cbro  U.  sipnnl  star 

5,  felt  wad  6.  oardhoard  closing  plug 

7.  gnti70  dlsTc  linrstor  0.  paper  ring 

10.  nnvll  11»  friction  primer  12,  iron  tube 

13.  hross  hood  l4.  flanpo  15*  Ipnition 

composition  I6,  oulclcmotoh 

then  the  syptem  is  cnllod  fog.  Pnioko  which  has  five  colors  Is 

used.  Tliose  colors  are:  red,  yellow,  blue,  green,  nnd  black. 

In.  order  to  obtain  these  colored  smokos,  seml-prodncts  and 

coloring  agents  are  used,  which  convert  Into  a  vaporous  state  on 

account  of  the  reaction  heet. 

Perthollet'p  salt  Is  used  as  the  oxidizer  In  smoke  composi¬ 
tions,  Sodium  chlorate  Is  used  less  often,  and,  sometimes,  ni¬ 
trates  ere  added  In. 
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The  hiirnl  ntr  tempereturo  of  the  colored  fiinoke  compopitlon 
with  organic  coloring  aubetancee  should  be  anfflclent  to  vapor¬ 
ise  the  Hmoke- former  and,  at  the  aame  time,  not  that  high  where¬ 
in  ite  decorapoel tlon  would  come  about.  Therefore,  metallic  pow¬ 
ders  are  not  gntlefactory  np  combuBtlblee  In  this  case.  For  In- 
ptance,  raixturep  of  Berthollet’p  salt  with  mllk-pugar  are  need. 
They  ere  calcnlatort  to  burn  the  combustible  only  to  carbon  mon¬ 
oxide.  Kven  though  the  combustion  temperature  of  thlp  mixture 
ip  within  the  limits  of  800-1200*^,  the  pmoke  former  does  not  de¬ 
compose  hut  only  subllmntep,  owing  to  the  fast  burning  rate. 

An  example  of  blue  smoke  Ipj  35'^'  TTCIO,  ,  9$^^  milk  sugar,  and 
indigo. 

npQB  of  daylight  signalling  devices.  Daylight  plgnalling 
media  hy  construction  and  operation  are  analogous  to  those  of  the 
above-described  nlgbt  media.  The  difference  Is  that  the  "star" 
in  the  daylight  devices  is  a  little  bag  of  unbleached  cloth 
which  Is  flllod  with  the  colored  smoke  composition.  ilTien  the 
composition  burns,  the  cloth  bag  obstructs  the  passage  of  nlr 
and  incomplete  combustion  takes  place  within  the  bag,  which  pro¬ 
vides  for  vaporization  of  the  smoke- former. 

Ifhen  the  ?6  mm  daylight  shell  Is  fired,  the  "star"  is  lifted 
to  a  height  of  70  meters.  The  cloud  of  smoke  can  be  distinguished 
for  a  distance  of  up  to  ?  km  for  10  seconds  on  a  windy  day  and 
for  30  seconds  on  a  calm  day. 


-  251  - 


0 .  ^tARKING  SJfOKEP 


Masking  smokes  pro  used  for  tho  formptlon  of  p  smoko  screen . 
whlcli  is  nsert  to  blind  tho  firing  positions  of  the  enemy's  bottor- 
iesi  his  emplaceraontp,  observntlon  nnd  eommnnd  posts.  Smoke 
screens  ere  slso  used  to  mnsk  friendly  troops  nnd  renr  nreo  ob¬ 
jects. 

^Vhlte  smokes  cover  the  outlines  of  objects  better  tbnn  do  the 
block  ones.  Substances  which  form  white  smoke  ore  used  most  often 
ns  fillers  for  smoke  shells.  Those  substances  Include  white  phos¬ 
phorous,  sulfur  trloxide,  nnd  chloric  tin. 

’.Vhen  the  phosphorous  hums,  phosphoric  nnhydrlde  is  formed, 
which  rencts  with  the  moisture  In  the  olr  nnd  forms  metn-  nnd 
orthophoephorlc  ncids,  which  form  white  smoke  (foe). 

Sulfur  trloxide,  being  n  very  volatile  substance,  easily 
transforms  into  tho  vaporous  state  and  reacts  with  the  moisture 
in  the  air,  forming  sulphuric  acid. 

The  sulphuric  acid  vapors,  possessing  a  very  slight  buoyancy 
at  ordinary  temperature,  suporsPturnte  tho  area.  At  the  same  time, 
the  moisture  in  the  air  reacts  vigorously  with  the  sulphuric  acid, 
forming  hydrates.  I^pon  condensation,  the  Inrtivldunl  molecules, 
combining  themselves,  form  colloid  particles,  which  constitute 
the  dispersed  phase,  ’fhite  fog  Is  formed. 

Stannic  chloride  in  a  finely  pulverlgod  state  reacts  with  the 
moisture  In  the  air  according  to  the  formula t 

SnCl4+3H,0=HsSn0,+4HCl. 
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The  orthoBt.nnnlc  odd  forme  white  pmoke  In  coninnctlon  with 
the  hydrogen  chloride. 

Yerphov'e  corapopltions  (20^  KClOg  ,  10'^^  carhon,  50'^"'  NI\01, 

2(y^  naphtalene)  are  pmoke  producerp.  When  the  Yerphov  compopi- 
tlon  bnrnp,  e  volatlzotion  of  the  ammonium  chloride  and  a  part 
of  the  naphtalene  takes  place,  which  then  form  white  pmoke, 

Mlxturep  of  the  Yershov  type  are  deplgned  for  incomplete  oom- 
buptlon,  and  the  productp  of  their  corabuptlon  contain  a  lot  of 
the  oxides  of  carbon,  hydrogen,  carbohydrntep  end  other  combustible 
Flaph  eliminators  (carbonates  -  poda,  chalk,  raagnaplura  carbonate) 
are  put  into  the  pmoke  compopitions  in  order  to  prevent  them  from 
flaring  up  when  mixed  with  air.  A  large  amount  of  heat  ip  used 
up  in  their  composition,  owing  to  which  the  temperature  of  the 
combuptlon  products  is  lowered.  ■Resldep  this,  the  carbon  dioxide 
which  Ip  formed  rarlflop  the  combustion  products,  thus  raising 
the  oombustlon  temperature  of  the  latter.  Ammonium  chloride  also 
fulfills  the  role  of  flash  eliminator, 

Turing  World  war  II,  smoke  compositions  on  u  buse  of  hexn- 
chloroathane  and  zinc  dust  wore  used.  They  formed  gray  smokes, 
bnoauso  black  carbon  pnrticlnp  were  liberated  together  with  the 
white  zinc  ciilorldo  particles  according  to  the  equation 

3Zn-}'QCle=3ZnCli+2C. 


A  supplementary  oxidizer  such  as  podium  clilorato  is  put  into 
the  mixture  in  order  to  eliminate  the  formation  of  carbon.  In 
this  case,  the  combustion  proceeds  according  to  the  reaction 


9Znf3C2Cl,+2NaC103=9ZnCI,-f6CO+2NaCl 


aiirt  white  pmolco  ia  formort. 

10.  Ivrt;vnTAT>y  fJnBQTANCFP  AVn  00M?0PTTT0’'TP 

1.  ClRPsif icatlon.  Tncenrtirtry  pubstnnnnp  nnfi  compoRitionp 
nre  rlivlrted  Into  two  arronpp:  oxldls^er-oontRlnloe-  compositlonR  nnfl 
Incenilary  fiubptencos  without  oxlfil7nrp. 

The  compoBitlonp  of  the  firpt  eronp  non  bn  further  tUvldnd 
into  the  followliiir  tcrotipp; 

Ji .  thorinitee  anrl  thermite  rotnpopl tionp  which  contain  oxidep 
of  metals  os  oxidlzerp  anti  metuls  ap  the  combustlhlop; 

b.  compositions  in  which  the  oxltlizer  ip  an  oxye-en-coiitain- 
iner  suit. 

The  inceniilnry  pubstances  of  the  pocontl  croup  inclurtc  elec¬ 
tron,  organic  combuptibles  and  ppontaneous-combustion  substancep. 
Substniioes  of  tho  second  erronp  can  butn  end  offset  an  ineendlnry 
potion  only  in  tho  preponeo  of  oxycen  and  with  the  free  peoesp  of 
the  air's  oxycen. 

2.  Thermitos  and  Thermlle  Com-nositions.  f^'or  instnnee,  the 
combustion  of  an  iron-elnminum  thermite  (eontplninp  oxide  of  iron 
«nd  powdered  aluminum)  talcep  place  aceordinjr  to  the  following 
equation: 

FegO,+2Al=AigOs+2Fe-fl98  ki  local. 

Tberinlto  reactions  are  dlstinculsbed  by  the  tollowlne  sincnlar- 
itlos: 
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a.  luEh  ooralJURtlon  temperature  (?'400-2800°  C); 

b.  the  nombuRtion  is  flameloBB  bocauee  practically  no 
EaBOOUs  prortuctH  are  obtained; 

c.  liquid  rIokh  are  obtained  which  are  heated  to  a  hish 
temperature.  Their  flow  liicreaees  the  radius  of  the  incendiary 
effect. 

Oxidep  of  iron  are  the  best  of  the  poBPlhlo  oxldi^erp  for  prac¬ 
tical  use.  Tliey  contain  a  relatively  Ipteo  quantity  of  oxycon; 
they  have  a  hiffh  Bpecific  eravlty,  am  inoxpenBive  and  readily 
attainable.  Iron  scaln  (^^0304)  rather  than  1r  p:ener!)lly 

used . 

Thermite  normally  cotipi  ptB  of  a  mixture  of  aluml  nnin  am'' 

754  ferric  oxides.  The  combustion  temperature  of  such  a  comyiosi- 
tlon  Is  2500°. 

The  defect  of  thorinitos  ip  that  their  incendiary  effect  is 
limited  by  the  small  radius  directly  arntind  the  focns  of  bnrnln'r. 

In  addition,  tbermitop  are  difficult  to  ipnite,  Tboroforo,  rather 
than  thermite,  thermite  comi)osi  t1  oob  containinu  a  number  of  ad¬ 
mixtures  such  OF  paiipeter  and  organic  corabnstiblop ,  facilitating 
ignition  and  IncrenslnK  incendiary  action  (owinp  to  the  formation 
of  flamop)  are  Eonornlly  used  np  flllorp  for  incendiary  media. 

Soraetimop  mnRtioKium  is  used  In  thermite  compopi  tlons.  It  In- 
creapes  their  incendiary  effect  (on  account  of  mafrncjpium' a  low 
boil  ins  toraperntun!  -  110?”  -  it  evnporntop  in  burnlnE  of  tbn  c.oii  ■ 
popltion  and  burns  up  in  flnmop). 

As  an  example,  the  fnllowInE  incendiary  oompopition  is  nped 


for  flllinc  76  min  proiootlloB;  44'^-  Ba('"0a)8,  ^>'^1  Tn^Oa ,  , 

13'^'’  Al,  12'^  Mg  ond  4'^i  binder.  "Por  rilling  incendiary  aircraft 
bombs,  H  thermite  composition  was  nsed  which  contained  a  snpple- 
mentary  oxidizer  -  barinra  nitrate.  'Tblp  composition  consisted  of 
2'4<  Al,  50^’  '^0304  and  Bn('^Oa)8. 

Therralto  compositions  are  used  for  setting  ohiects  on  fire 
which  are  difficult  to  ignite.  They  are  also  used  to  knock  out 
metal  objects  (cannon,  tanks,  etc.). 

3-  Incendiary  comnositlons  with  oxygen-contninitig  salts. 
Those  compositions  proilnce  a  high  combustion  temperaturo  and 
catch  fire  fairly  oasily.  Aitrates  and  chlorates  serve  as  oxid¬ 
izers  while  metals  such  as  magnesium,  aluminum-magnesium  alloys 
and  others  ore  the  comhustlhlo. 

Incendiary  compositions  on  a  base  of  oxygen-containing  salts 
are  used  primarily  for  filling  small-calihar  projectiles  and 
bullets  intended  chiefly  for  Igniting  liqiiid  combustible  materlnls 
(easily  Ignltahlo  materials).  The  burning  of  incendiary  comnosi- 
tlons  with  oxygnn-contai  ning  suits  tnkes  pla.co  in  a  fraction  of 
a  second,  in  comparison  to  other  forms  of  incendiary  comnositinns 
or  substances. 

•  Inceruliary  substances  not  containing  oxidizers .  n 
aluminum-mangnnoso  alloy,  electron,  which  contains  no  less  than 
magnesium,  was  tised  during  World  vvar  IT  for  making  small 
caliber  incendiary  aircraft  bomb  bodies.  These  bombs  were  filled 
with  thermite.  Such  bombs  wore  devoid  of  dead  load,  v/bon  tne 
electron  bomb  body  burns  up,  a  flame  is  formed  which  promotes  a 
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pood  i uceixlifiry  offocrt.  Tlio  corabiiBtioii  toraporottire  is  iirouiid 

2000°. 

Orpunic  coinbusti  bios  snob  as  potroleuni,  korosoiio,  pasolinn, 
pi  tcb ,  onrt  otliors  possoss  r  hiph  liont-produci  up  ability.  Pov 
iostanco,  wlioii  1  kp  nf  knrosone  bnrtis  in  air,  I'.ronnd  10,000 
kilocals  are  ovolvod,  wboraas  only  BOO  kllooals  nrn  liboratoc! 
in  the  burning  o  P  1  kp  of  tbormitn.  ''linn  pntroloiim  proriort.s  ;  v' 
bnrnoti,  a  Irrpor  f1iniir>  ip  obtnlnf)rl,  tbnrnforo  tbr*  radius  nr  i  n- 
nniiflinry  nffoot  of  pooh  siii)stancfts  is  imiob  proator  than  in  H’.o 
capo  of  therini  to  noi'ipositioiis.  but,  on  tbo  otbnr  band,  tbo  cri'i- 
bnstlon  tocijioratnro  of  tbo  iKitrolonin  prodnots  is  lo'v  (700~‘00‘’K 
Koino  of  tbo  flrnwhiJclcK  of  tbo  potrolomn  proilnnts  nro  tbo  nvonss- 
ivoly  larpe  inobiliiy  am)  sproadinp  out  as  woll  as  tbo  too-Cast 
ovayioration  rato. 

Orpanlo  (iorabnst » bici  substanoos  oro  nsoil  for  action  ora  ins  i 
onsily-f larmuablo  objnois  and  for  anti-porsonnol  purposos. 

barflonod  conibnts  t.  i  l)lop,  Tbo  dofoots  of  tlio  orpanin  pnhpl  anoot 
onn  bo  proatly  roilucrnl  or  ovon  eliininatod  by  usinp  a  coaibnst  i  b  1 
ill  ijardonod  form,  in  nombination  '.vitli  tborinito,  or  in  fi  tb i  cbinM'd 
f  0  ria . 

In  barcloiiinp,  (bo  combustiblo  Is  polntlnlTiod  by  soaps,  i.a. 
by  tbo  salts  of  iiipbor  orpanin  ocids  of  tbo  nllpbntir  sorios.  'Vln>n 
a  potrolouin  produni  is  proliontod  to  a  tomporatnro  of  7'i-ko',  tin: 
orpnnlc  acid  is  li  i  ssol  voii ,  and  tlion  an  oqnlvnlnnt  amonnt  of  f'li 
aloobolic  soldi  ion  of  nanstin  soiln  or  soino  otbor  basn  is  adib'd  in. 


After  cooling,  this  mixture  herfienH,  nsfiiiminff  the  consistency 
of  a  hard  soap.  It  can  be  cut  by  a  knife  and  retains  its  shape. 

Hardened  combustibles  are  usod  in  combination  with  thermite 
in  aircraft  bomba.  The  head  part  of  the  bomb  contains  the  ther¬ 
mite  charge.  A  metal  diaphraEcm  is  then  put  in,  and  then  the 
hardened  combustible  is  put  in. 

Figure  68  shows  tlio  construction  of  an  incendiary  bomb  with 
a  combination  combustible.  The  weight  of  the  combustible  is  50 
kg.  ■'.fhen  the  bomb  burns,  tbo  flames  leach  a  height  of  5  meters. 

A  thickened  combustible  is  a  viscous,  fluid,  colloid  paste, 
Taoklness  is  sometimes  Impartod  to  this  paste  by  moans  of  spocl- 
al  admixtures.  On  account  of  this,  when  the  burning  paste  falls 
on  some  object,  it  will  cling  to  the  object.  A  thickened  com¬ 
bustible  is  obtained  by  moans  of  blending  a  lipuld  combustible 
with  aluminum  salts  of  naphthenic  and  hishly  molecular  aliphatic 
Holds  Such  a  blend  obtained  the  name  nanalm. 

Napalm  acquired  infamy  from  the  time  of  its  barbaric  applica¬ 
tion  by  the  F.  S.  forces  in  heavyweight  aircraft  bombs  nrralnst 
the  peaceful  people  of  Korea.  This  napalm  contained  burning 
motalllc  powders,  magnesium  nriniorily,  owing  to  which  an  elevated 
combustion  temperature  was  ohtuinoil  with  the  result  that  the  In¬ 
cendiary  effect  was  Increased. 

5.  Spontaneous-combustion  Incendiary  substonoeB.  Of  the 
spontaneous  combustion  substances,  the  most  important  is  white 
phosphorous  which  readily  hursts  into  flames  in  air.  The  incon- 
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Pltr.  6V-  -  T  iiooMii  i  ii  ry  l)Otiili  'vi  t,1i  roniT)i  nnti  on  noiuhnpti  lil  o  , 

1.  boial)  bo'ly  ignition  R))i(lor 

3.  iniornioil  in  to  oomi)OKition  4.  thormltn 

incotuUory  hnpn  compopition 


5- 

rl  i  rip1i  f  f'jrin 

r>. 

■hiirfloTinil  conibnRtnilo 

7. 

10. 

bJ'Ho  plufr 
hold  Im  1 ow 

H. 

fuze 

Pin 

c;ip-oscnpo  fiporliiri 

clinry  effect  of  phosphoroup  Ip  not  lerffe.  Its  combustion  tomporn- 
ture  is  around  1000°,  therefore  It  Ipnites  only  ob.locts  which 
can  be  sot  afire  onplly  -  luiy,  straw,  etisollne,  etc. 

Hand  erenartes  and  mines  which  were  filled  with  phosphorous 

were  used  in  trench  warfare.  V.’Vion  they  exploded,  a  lareio  amount 

of  smoke  was  formed.  The  burning  droplets  of  phosphorous  burn 

through  clothine  and  Inflict  serious  skin  disensos  which  are 

difficult  to  cure.  Coinbustihlo  substances  such  as  petroleum  oils, 

tarsi  etc.  are  added  to  phoBjihorous  in  order  to  improve  its  incon- 

lilary  properties. 

i 

6.  TTses  of  Tncoiidiarv  Oomnositlons  and  Pubstancos.  Incen¬ 
diary  compositions  are  used  in  aviation  munitions,  in  field  and 
anti-aircraft  artillery,  and  ti>  smsll  arms  ammunition. 

11.  inNTTION  COMPOSTTTO’^S 

Some  pyrotechnic  compositions  nan  he  quickly  and  roculily  ig¬ 
nited  by  a  nulclnnatch.  htit  many  compositions  am  sot  on  Tire  with 
dirficulty,  and  special  ignition  nom])osl  tions  am  used  to  set  thorn 
ufiro.  In  the  case  oT  suJ)BtnnceB  which  are  ignited  with  even 
greater  dlfflcuilty,  intermediate  compositions  are  necessary. 

Those  mixtures  which  oontnln  chlorates  and  organic  comhuBti])loS 
or  nitrates  In  con.lunction  with  megnopium  ignite  the  easiest  of 
all.  These  composi tions  in  powder  form  should  bo  ignited  by  a 
quiclcmatch.  but  the  same  compositions  in  a  prossod  form  require 
a  special  ignitor  for  Ignition. 
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i-’lp:*  69  -  Ulnfrrom  oC  i nf  1  numiati oi>  of  pyrotoohiiic  RobBtfincor-  nliic.li 
M*o  to  iftiiito. 

1.  Mooloil  tilfu'U  powdor 

2.  ipnilinir  oomposi  ti  on 

3.  fifnl  intori, 10(1  into  coi,!iK)Ki  ti  oil  contnlninfi:  15 
ipoition  roiiipoRition  ond  25''’’  bopo  compopltion 

4.  rocoikI  i  ntormodioto  oompoBl lion  contoini  ii('  9^  ■ 

in:nit.ion  comiiosi iion  ond  bnon  nompositiou 

5.  bn  Ro  ooi.ipoRi  lion 


ThnnnitOR  oro  IlmiM.imI  with  crnot  difflnulty.  Tnox’oiiiiiii  I  r  iro- 
tbo  Ifcnition  comixii-!  i  (  1  mi  oro  1  vipo  f  fi  o  i  i^nt  In  tliip  oppo,  ond  Mi' 
UP0  of  an  j  nto  rmorl  i  ;i  1  1  oompoHl  ti  on  ,  rooHi  Rtiiii’’  of  0  inixlin'o  oi 
f  Ifiiniiifiblo  find  ifcnilioo  oiniipo  pi  tl  ons  ip  rocpiirod.  Tf  tM  p  inpiif'  i- 
clont,  one  morn  i  ntormndifii  n  oompopition  wltli  n  Inrpo  ooiilnut  oi 
tbo  ignition  nonpioKi  1  i  on  ip  put  in  ond  diptrlbutod  np  pliown,  ii.r 
infitanco,  in  Fictcro  (V) . 

Tlio  nuinbor  oomponontR  in  tlio  intoTiiiodin  to  compoR i  i  i  on  onn 
tlisir  ratio  in  opt.ibl  i  hIhuI  oxpor  imontf.il  ly  for  onnli  cfiRe. 
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TCxamplop.  Vor  ipnitiiic  illuminating'  compORitions  which  con¬ 
tain  magneBluiu,  an  iRnitlnp  composition  of  the  ennpowflor  typo  is 
used  (the  sulfur  is  suhstitutoil  hy  phenol  formaldohyde  resin); 

potassium  nitrato,  15'^>  charcoal  and  10-’^  plionol  formalrlohyrte 
rosin. 

For  corapositlotis  which  are  more  difficult  to  ijrnito  riid  which 
contain  aliunlimin,  tho  charcoal  1r  replaced  by  mapnesitim  in  the 
icnitlon  composition.  Finally,  in  tho  capo  of  pyroteclinic  sub- 
stnnooB  which  are  Ptlll  harder  to  ifcnita,  intermediate  composi¬ 
tions  are  used. 
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FOOTNOTES 


*In  tho  nrbal(»Rt,  Ihn  arrow  trnvolloil  alone:  a  troup:b  vvhoii 
fired.  In  tdio  arqucbiiR,  tlio  troucb  wur  replaood  by  a  tnbf' 
which  inado  it  i)OBHluii)  to  firo  bullets  ns  well  ns  ni^rowfi. 

^Alfred  Xobol  -  Swi.ilinb  oiiKi\if)ur,  mui  A.  Noblo  -  ibicliab 
artillery  aricii  1 1  ni  . 

*The  torin  "fIio  l-bui  o'’  i.iOniiK  a  iiifMi-made  cylindrical  dnproRRion 
in  rock.  Tbo  t|  iaiaoltn'  of  this  abot-bolo  can  bo  up  to  75  ''W'l 
und  tbo  depth  oi.u  lio  down  to  5  motors.  The  sbot-holr'  Forvos 
t!B  a  rocopincln  for  n-vploRive  in  Ijlastinp  operationn.  Th.' 
froo  part  of  tbo  abot-liolo  nbovo  tho  cherco  is  nankod  with 
an  inert  luatorial,  callod  "  tnmpi  ne"  . 

The  cln  sal  f  i  na  i  i  on  fIiowii  linro  includes  only  those  praoticiny 
omployr.blo  nxpl  obi  vos .  I'or  this  rnnson,  it  dons  not  Inclndn 
such  oxplos;iv(!a  nr  ni.pisous  mixtnroR,  siipersensi  ti  vn  Rn1n:(  iino 
etc. 

Two  dlfferfMii  l.ei-ii;-!  for  annlojrons  concepts  are  I'.snd  in  '(In' 
jiortinnn/,  I  i  i.n  m  i.ovo  .  "Poniol  iti  on"  work  is  nseil  by  tl!o  Mili¬ 
tary  and  tin;  ttM'ri  "bias  (;i  Ilf?:"  operations  is  usotl  for  natfon.-l 
economy  pnrf)(MioH.  Tbo  latter  tortii  is  used  for  all  cases  in 
this  boolr.  'I'IiIh  iu  in  accordance  with  tbe  rncomne  ni'a  t  i  o  s 
of  the  noi’imiHi’o  du  Tecluiicnl  Terini  nolo  cry  of  tbe  Aculeiiy  u' 
Roloncos, 

a 

Nitric  nstnri-  or  nilrntes  of  hydrocarbons  and  nloobols,  "o t 
roasons  assoc  i  a  l  i-.i!  wi  (li  |,bo  historical  dcvolopiiinnt  o'’  ili'i  ■ 
structural  i-o iino.int  (  n  ( i  on ,  havo  linen  erroneously  iinmm! 

"ni  trocol  In  I  Oi..' "  ,  "o  i  tnnrlycor  inn"  etc.,  InstniMl  of  ''oilr:  i  ■ 
of  col  1  uloso"  ,  ''-lycor  i  II  l.r  j  nitra.to"  ,  etc.  I'oiviH'or,  i'vo:  i  II  i 
point  of  viou  of  liic  i  rrccnlnr  si  rnctiim  of  tbosn  coaififnie  ls , 
tbo  namos  bavc.  iKdi.i  pi'or.orynd  ii))  to  tbo  present  t  imn  in 
Roicmtl  f'c  aoii  (ci  ioiif:al  iitoratnro, 

’All-rnion  Riai.o  blandard  h040-4'i  definOR  tbo  test  condi  tions 
for  pyrotncbnii  compositions. 

a 

For  a  detailed  dnnciifiti  or*  of  a  method  for  dotermininc;  tlic 
sensitivity  to  Nliock,  hoc  All-Union  State  Standard  U'iU'r-'j 
‘'Explo  S'i  yos '  lotliod  for  deterini  oi  np  tbe  sonsitivily  (n 
shock" . 


9 

A  cliRrrre  Is  n  qiifintity  of  oxplORive  whiph  Is  iitisd  for  offeot- 
iiic  one  explosion.. 

^°ThiB  is  tlie  nomo  for  wlilcli  is  obtoinod  nftor  tlie  nitrn- 
tion  of  tolnone  ntid  woshinG:  nwny  of  .'-.cltls  from  tlie  proflnots. 

It  contains  n  cortnin  nniount  of  di nitrotoltiene  and  other 
Bubstannns. 

l.eyout  of  il"'  pnnrirains  for  Ahel  test,  see  .ni-^nion  Ptnte 
Standard  356ri-'-‘'7. 

constrnrtion  of  the  thor>'tostat ,  sen  .'n-'^'nl  on  St?  te  ptand- 
ord  736’7-‘^5. 

1  3 

Vor  a  detpileil  deser iptlon  of  manoniotrlo  niid  el  octronetri c 
tests,  sec  n,  r.  un  imyen'cn ,  Tos-f  T-fethods  for  Powders. 
0horon'rl7,  1‘ hi  . 

is  well  Icnowii,  tlie  ther.nnl  offect  of  a  process  wlilch  is 
tsklng  place  with  tlv  parti  cipoti  on  of  trases  or  vo^JOrs  can 
bo  cllstlnjrnl  sbeil  in  in-. Ir.tion  to  the  fact  tlmt  tlio  process 
eltbor  proceeds  or  does  net  proceed  in  a  constant  voluiuo. 

In  tho  cnlcnlFtion  of  dot.onntion.  processes,  it  is  assuiiioii 
that  tlie  rofiotion  ern  run  its  course  beforo  the  expansion 
of  its  products  hoiciitB.  Aocordinrrly »  for  this  particular 
CRBQ,  tho  thermal  offect  is  computed  at  a  constant  volume 
(denoted  Qv).  Convcrsoly,  in  oxamlnlnp;  tho  coinbustlon  pro¬ 
cess,  tbo  thormnl  effect  is  compntod  at  n  constant  proPB\ire 
(cloootod  by  f.v)  •  IT  uniodl inr  fnrtbor,  if  oondenslng  sub- 
stanoos  (water,  for  oxaiiiple)  aro  fonnotl  in  this  reaction, 
tbeii  tho  inarrnitudo  of  the  thermal  effect  will  be  cbnntced  in 
rolatlon  to  tbn  stfite  in  which  these  pubstoncos  a.ro  ohtrinod  - 
liquid  or  v/iitoroup.  In  tho  calculation  of  explosive  trniis- 
fonuntlons,  it  is  renorally  apsumod  that  water  and  anrlor:oun 
snbstanoos  am  olitained  i  \i  tho  form  of  vP])orp. 

^"VOT  a  depcr1]Hion  of  a  calorimetric  homb  and  calorlmotcr, 

Roo  K.  K.  Snltko,  Kxnlopi ves .  Publication  of  tlio  Artillery 
Academy,  If.^f',  ns  well  as  coursos  in  tho  theory  of  oxplnp- 
Ivos. 

'"Por  tho  derivation  of  these  and  subsoqnont  expressions,  see 
a  cboralcal  textbook.  ’V  shall  only  mention  that  tbo  oquill- 
brlutn  constants  can  hr  exprcsseil  throueb  the  oquillhrlum 
conoentra.tl ons  of  renrtina  suhstonces  (denoted  hy  ICg)  or 
through  their  equilibrium  i)ortial  prossnros  (denoted  liy  I'p) . 
Tho  second  of  those  iiiothedp  is  >ised  here.  Tf  wo  are  to  con¬ 
sider  the  products  of  the  explosive  transformation  ns  an 
Ideal  gas,  then,  for  Iho.  reaction  aA  +  bB  -  cC  +  dl),  tbo 
following  relations  ran  ho  roadlly  derived: 
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A/1 


where  P  Ip  the  ovomil  proppure  of  the  explopion  prortuctp;  , 

V,  end  T  ere  tfin  correppoiirdnff  miinber  of  molep,  volume,  nnrl 
temperstnre  of  thepo  prndiirtp;  end  =  (  o+h)- ( c+rt ) . 

For  V  clOFcriptio!!  -d  ;r>^'F  inetor  nnrl  innthotl  for  flr^tormi  ni nir 

the  volnmo  anrl  comporltion  of  the  oxplopion  prortiiotp,  poh  F.  'w 
Snltko,  Kxplo  pi  vep ,  I’lihl  i  ontion  of  the  Artillnr  Arnrleiny  rp  oh 

in  courpep  ilovotorl  to  tim  theory  of  explopivep. 


In  contrnpt  to  jtofooiih  oiiof,  polid  end  linnirl  piihetnunr^p  ore 
op'llerl  oondenunri  rufot  ( oiifop. 


Tho  mpsR  rnto  of  o.i>iii()>i  ,m  M  on  (or  vnporlvptl  on)  ip  onunT  to  thn  moi  : 
of  fiuhfitnnce  v/hirli  I/;  i.ornnfl  (or  voporizerl)  in  1  poo  per  1  cm^  of 
croRH  Hootion,  Tlo',  t  iinoripiopp  of  inepp  reto  nre  c/poo*  cin®  . 


a  0 

There  1  p  n  flint  Inrii  ion  hotfveon  thn  meltine:  ontl  poI  tdl  fi  cntlon 
tempereturnp.  Tho  (empornture  nt  whinh  the  teet  pemplo,  plofvly 
heeted  In  n  ooplllory  lobe,  fneltp  oompletnly  Ip  onllnrl  thn  inn  1 1 1  qq 
tempnrptiirn . 

Tho  Rol  idi  f  i  0(1  (.  i  on  I  .'^11  jim'ti  (m  ro  ip  rlntnrmined  dirforontly.  lor  Mti 
(lotorm.1  nptl  or\  f  oImoiI  IP'  of  the  Bnbptnnon  ip  hnntnd  nbovo  ihn 
moltinp  tempo  jMi  turn  coil  Mtoti  tho  melt  ip  ooolod,  nnd  thn  drot*  m 
teraporature  in  ohoo  r  v  mi ..  At  tho  bocinninp:,  nn  nvon  drop  in  thn 
tompornturo  of  tno  .••i.tidii  (.inliptnnno  ip  obBorved.  After  Ihnt  Mi'', 
tomporfitnro  pot(lnH  (uoi  ttoui  rlpop.  Finolly,  thn  tempnrotiiro 
(Iropp  onoo  morn,  mu  <(11110111  tomiiornture  whinh  ip  nttninod  ol'loi' 

the  firpt  poriisfi  d  ;  r.i.ipiu  olnro  dro|)  ip  nnllod  pol  i  d  i  f  i  co  t  i  on 
teniperntiiro  ■ 

Theo  r  et  i  nnl  1  y  V  tin-  iiinMiof  nod  polidlf  Ini'tion  toinporotiirop  plifniiii 
colnoldOi,  •  iiii.'V  ■  1  M  I  ((irol  1 1  i  on  H  ,  Ijowovoi*,  llio  iinr  1  i.  i  .'ti< 

tempo  Mi  re  Ip  oppro  /  imo  1 11  ly  1  to  1.5^  iiichor  then  thn  po  1  i  il  i  fi  o(' (  i  o  n 
temperature . 


/'()S 


*'Por  detailBf  see  tho  nommercial  requiramente  of  TNT  as  con¬ 
tained  in  All-Union  State  Standards  3^71-46  and  4117-48 
(TNT  for  eminonltefi) . 

*®Trotyl  oil  is  a  mixturn  of  TNT  with  BBynnnetrlc  Isomers  of  tri¬ 
nitrotoluene,  dini troiolnol  ,  end  other  substances.  The  melt¬ 
ing  temperature  of  this  mixture  Is  around  30-35°. 

**Oollectlon  of  recorameiided  terms  of  tho  Gomralttee  on  Tochni- 
oal  Terminology,  Academy  of  Sciences,  USSR.  Terminology  of 
blasting  operations.  Publication  of  Academy  of  Sciences, 

USSR.  Moscow,  1053. 

^^Drying  the  powder  at  low  temperature  (?0-30°)  in  an  atmosphere 
containing  the  solvent  vapors.  If  this  operation  Is  carried 
out  In  air  not  containinff  the  solvent  vapors.  It  will  then 
form  a  crust  on  tho  surface  of  the  powder  on  account  of  ra¬ 
pid  evaporation,  which  will  then  slow  down  a  further  removal 
of  the  solvent  from  tho  doop-seated  layers. 

The  length  of  the  procopK  1r  approximately  ?4  to  48  hours, 
depending  on  tho  thickness  of  the  powder  element. 

^“Muzglo  velocity  Is  that  velocity  which  a  pro:joctile  has  upon 
coming  out  of  tho  weapon  at  that  moment  when  the  base  of  tho 
pro.leotile  passes  the  mu^vlo  face  of  tho  tube, 

**For  determlnlne  tbo  probable  deviation  of  muzzle  velocities 
of  a  projoctllo,  5  to  10  rounds  are  fired,  and  the  muzzle 
velocity  Is  determined  oneb  tlmn, 

Tho  prohahle  deviation  is  computeii  according  to  tho  formula: 


rp-0,6746 
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whore  =  probable  fioviatlon  of  muzzle  velooltyj 

=  muzzle  velocity  of  every  separate  round; 

Wpy  =  ovorago  value  of  ratizzle  velocity  for  a  series  of 
rounds  fired. 


N  =  number  of  rounds  fired. in  the  series. 


*’Tbe 

and 


word  pyrotechnics  comes  from  two  Greek  words  "piros"  (fire) 
"texnos"  -  tho  art  also  means  "the  ability  to  produce  fire". 
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of*  I'malri  ip  its  low  Roftoninsr  tompBTntnro  f  ). 

Theroforo,  11h»  ronntion  prortnnt  of  ropln  onfl  cfMiFtir  limo 
(cplclnm  roplnritn)  tp  tiporl  In  cert, Pin  oompoplt.lonB.  ItP 
Rofienlnc  tni'tjx'i'otnr o  ip  I2O-I5O®.  Tho  phellpc  sopprntnp 
out  In  thn  rofi;i  of  nn  inoruptntion  whlob  is  found  on  th'’' 
hrnnchep  of  iroviionl  plpntp.  The  poftenintr  tomporpturc  of 
phellpr  ip  (mmicvu  11  y  prnnnri  70-100^, 

®  ^Phenol  -  forttin  J  .luliyflfi  ropin  ip  a  pyntbetlc  repin  obtoinod  by 
the  conrlensni  j  un  of  pbenol  with  formnldohyrle  in  tbo  proponco 
of  nn  pnld  optnlypt.  Tho  softonlnp  temporntnre  1r  not  lower 
thon  11  ip  not  polnblo  in  water.  Tln1<olito  ip  an¬ 

other  form  of  pynthetic  repin.  It  ie  obtained  from  the  pome 
Rubptnnoop  ae  j-iliennl-formHldobydo  repin  but  under  other  re. 
action  condition!-:.  Hokeltito  trlvep  pyrotenbnir  compo pi  1  •  01  e 
R  biffber  mochnnicnl  ptrbility  tbnn  mnny  other  bindnrp,  I’oly- 
vinyl  cblorido,  or,  op  it  ip  other  wipe  celled,  polyvinyl 
chloride  repin,  in  n  [iroduct  of  the  po  lyineri /et  i  on  of  vinyl 
chloride.  It  ip  Inported  into  compopitionp  whopo  flemep  rfv- 
cpiiro  the  propeiKO)  of  chlorine. 

^^For  o  donor i  p!  i  ()!!  of  i.he  inptriimont  end  method  of  del  e r!"  1  n  . 
Inc  the  Inniinopi'iy  of  i  1  lumi  neti  nc  compopitionp,  pee  1)  A. A. 
Shidlovpkiy ,  V’lmitementnlp  of  l^rotechnicp. 
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